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(57) The present invention provides a stent which is 
flexible in the axial direction priorto the expansion of the 
stent, which shows no contraction in the axial length of 
the stent during expansion of the stent, which has an 
extremely large resistance to forces exerted by contract- 
ing blood vessels after expansion, which can cause uni- 
form expansion of the struts of the stent, and in which 
there is no problem of the end portions of the stent warp- 
ing to a greater diameter than the central portion of the 
stent at the time of expansion, furthermore a stent in 
which the size of the basic cells that constitute the stent 
is reduced so that bulging of endothelial cells of vascular 
tissues into the inside of the stent is suppressed, fur- 
thermore a stent which allows Y stenting into branched 
blood vessels while maintaining a high radial force and 
superior scaffold properties. 


Fig. 1 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a stent which 
is used for placement or transplantation in vascular tis- 
sues inside the body; for example, a stent which is used 
for placement or transplantation in a blood vessel in or- 
der to prevent a constricted or blocked site in this blood 
vessel from becoming re-constricted after this site has 
been expanded. 

BACKGROUND ART 

[0002] A stent is a therapeutic device which is placed 
in a blood vessel or other vascular cavity in the body in 
order expand a constricted or blocked site in this blood 
vessel or other vascular cavity, and to maintain the size 
of this vascular cavity, as a means of treating various 
disorders caused by such constriction or blockage. 
Such stents include coil-form stents formed from a metal 
or polymer material in the form of a single wire, stents 
that are formed by using a laser to cut out a metal tape, 
stents that are formed by using laser welding to assem- 
ble linear members, stents that are formed by weaving 
together a plurality of linear metal members, and the 
like. Such stents are disclosed in Japanese Patent 
KOKAI Publication No. H8-332230. 
[0003] Such stents may be classified as stents that 
are expanded by a balloon on which the stent is mount- 
ed, and stents that expand themselves when a member 
that restricts expansion from the outside is removed. 
Among these stents, stents that are expanded by means 
of a balloon are used with the expansion pressure ad- 
justed according to the state of the vascular tissue that 
is to be expanded, and the mechanical strength of the 
stent. 

[0004] In recent years, such stents have been espe- 
cially widely used in blood vessel shaping techniques 
forthe heart and cervical arteries. Such stents are pack- 
aged as products by fixing (pre-mounting) the stent in a 
state in which the stent is contracted in a balloon cath- 
eter (stent delivery catheter). At the time of actual use, 
the stent delivery catheter is introduced as far as the 
constricted site of the blood vessel with the stent in the 
pre-mounted state, and the stent is expanded and 
placed in the constricted site of the blood vessel by ex- 
panding the balloon. Then, the stent delivery catheter is 
pulled out of the body. Such pre-mounting is disclosed 
in Japanese Patent KOKAI Publication No. 
2000-189520 and the like. 

[0005] The linear elements that constitute the small- 
est units that make up a stent are called struts. Stent 
designs can be broadly classified into two types, i. e., 
open type and closed type, according to the pattern 
formed by these struts. 

[0006] In the open type, as is disclosed in Japanese 
Patent No. 2645203, a plurality of single segments in 


which a wave (sine wave) form is repeated in the cir- 
cumferential direction are repeated in the axial direction, 
and these segments are connected by connecting seg- 
ments in one to three places around the circumference. 

5 [0007] On the other hand, in the closed type, as is dis- 
closed in Japanese Patent KOKOKU Publication No. 
S40-6377, Japanese Patent KOKAI Publication No. 
H10-137345 and Japanese Patent KOHYO Publication 
No. HI 0-503676, polygonal shapes are formed (closed) 

10 by struts, these polygonal shapes have sides in com- 
mon, and the polygonal shapes are repeated in the cir- 
cumferential direction and axial direction. In some 
stents, the flexibility of the stent is improved by locally 
forming small curved parts or wave-form parts called 

15 flexible links (such as those indicated in the abovemen- 
tioned laid-open patents) among the abovementioned 
polygonal shapes. 

[0008] A stent in which the constituent elements have 
connected lozenge shapes following expansion is de- 

20 scribed in Japanese Patent KOKOKU Publication No. 
H4-6377. This stent offers the advantage of having an 
extremely large resistance to forces that tend to cause 
a contraction of the blood vessel, However, this stent 
lacks flexibility in the axial direction when not expanded; 

25 accordingly, it is extremely difficult to insert this stent into 
bent blood vessels, and there is a possibility that the 
interior of the blood vessel will be damaged. Further- 
more, since this stent lacks flexibility in the axial direc- 
tion following expansion as well, the following problem 

30 has been encountered: namely, in cases where the stent 
is placed in a bent blood vessel, an excessive stimulus 
is applied to the blood vessel so that re-constriction is 
promoted. Furthermore, when the stent is expanded, 
the length of the stent in the axial direction contracts, so 

35 that there are problems such as difficulty of expanding 
the entire constriction of the blood vessel, difficulty in 
positioning, and the like. 

[0009] Furthermore, a stent in which a wire is formed 

in a zigzag shape, and this wire is further wrapped into 
40 a spiral shape so that a cylindrical shape is formed is 
described in Japanese Patent KOKOKU Publication No. 
H7-24688. This stent has abundant flexibility in the axial 
direction, and is superior in terms of insertability into 
bent blood vessels. However, this stent has an extreme- 
's jy small resistance to forces that tent to cause contrac- 
tion of the blood vessel , so that any pressu re that causes 
the blood vessel to contract tends to cause contraction 
of the stent. 

[0010] Generally, furthermore, when conventional 
50 stents are expanded to the desired diameter, it is difficult 
to cause uniform expansion of the struts of the stent, so 
that portions that are greatly expanded and portions that 
are not expanded to a great extent are formed even with- 
in the same circumference. When such non-uniform ex- 
55 pansion occurs, endothelial tissue of the vascular tissue 
may bulge through the widely opened portions of the 
struts, and thus become a cause of re-constriction. Fur- 
thermore, in cases where the non-uniform expansion is 
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severe, it may become impossible to maintain a true cir- 
cle in cross section. Methods of folding the balloon on 
which the stent is mounted have been devised in order 
to solve this problem; nevertheless, it is difficult to 
achieve sufficiently uniform expansion. In other meth- 
ods, devices such as pasting a member that tends to 
undergo uniform expansion to the surface of the balloon 
have been tried; in such cases, however, the profile of 
the balloon is increased, and it becomes difficult to de- 
liver the stent to the desired site, 
[0011] Furthermore, in most stents that are expanded 
by means of a balloon, both end portions of the stent 
are warped to a larger diameter than the central portion 
when the stent is expanded, so that the problem of lo- 
cally excessive expansion arises. If both end portions of 
the stent are excessively expanded, the endothelial 
cells of the vascular tissues in these areas are stimulat- 
ed, so that re-constriction may be caused by cell multi- 
plication in some cases. 

[0012] Furthermore, in conventional stents, the gap 
parts formed between the stent struts at the time of ex- 
pansion are generally large, so that the endothelial cells 
of the vascular tissues may bulge to a considerably ex- 
tent through these gap parts, thus causing re-constric- 
tion. The reason for this is that the size of the basic cells 
that make up the stent is large. It is necessary to reduce 
the width of the struts in order to reduce this size; if this 
is done, however the radial force that is obtained, i. e., 
the force that can withstand stress in the direction of di- 
ameter that is received from the outer circumference, is 
reduced. 

[0013] Next, the advantages and disadvantages of 
the abovementioned open type and closed type stents 
will be described. 

[001 4] The first advantage of an open type stent is that 
such a stent has abundant flexibility in the axial direc- 
tion, and is superior in terms of insertability into bent 
bloodvessels. Furthermore, another great advantage is 
that a Y stent techniquefor insertion into branched blood 
vessels is possible, Such a "Y stent" or "Y stenting" tech- 
nique is a technique in which one stent is placed in both 
the main bloodvessel and the side-branching bloodves- 
sel in cases where there is a constriction in the branched 
area. Recently, thee has been an increase in the use of 
this technique, and such performance characteristics 
have become important among the perfonnance char- 
acteristics required in stents. This technique is de- 
scribed in detail in "PTCA Techniques, Toshiaki Mitsuf- 
uji", 22. Branched Part Stents (page 203). Specifically, 
as is shown in Fig. 45, a first stent 621 is placed so that 
this stent extends from the proximal portion 623 of the 
main blood vessel 1 to the distal portion 624 of the main 
blood vessel 601 , and a second stent 622 is placed so 
that this stent extends from the proximal portion 623 of 
the main blood vessel 601 to the side branch 602. Ac- 
cordingly, the two stents overlap in the proximal portion 
623 of the main blood vessel 601 . In this technique, the 
first stent is first placed in the main blood vessel; then, 


the delivery catheter on which the second stent is pre- 
mounted is delivered toward the side branch by being 
passed through an opening part (gap) between the 
struts of the first stent, and the balloon is expanded in a 

5 state in which this balloon is positioned in an area ex- 
tending from the proximal portion of the main blood ves- 
sel, through the opening part (gap) between the struts 
of the first stent, and into the entry portion of the side 
branch. As a result, the stent is placed in an area that 

10 extends from the proximal portion of the main bloodves- 
sel, through the opening part (gap) between the struts 
of the first stent, and into the entry portion of the side 
branch. 

[0015] The reason for this is as follows: in the case of 
f5 an open type stent, connecting segments are present in 
only one to three locations around the circumference, 
so that the peripheral length of the gap parts formed be- 
tween the struts is long. Accordingly, when the balloon 
of the stent delivery catheter is passed through the gap 
20 part between the struts and expanded, these struts are 
deformed, and the gap part between the struts is simul- 
taneously deformed, so that the opening area is in- 
creased; consequently, access to the side branch be- 
comes possible. 
25 [0016] However, the following problem has been en- 
countered as a disadvantage; namely, the radial force 
is extremely small, so thatthe blood vessel is easily con- 
tracted by a pressure that tends to cause contraction. 
Furthermore, since the length of the circumferential por- 
30 tions of the gap parts formed between the abovemen- 
tioned struts is great, the gap part positioned on the out- 
side of the bend is widely opened when the stent is ex- 
panded and placed in a bent blood vessel, so that the 
endothelial tissue of the blood vessel may bulge consid- 
35 erably into the interior of the stent, thus causing re-con- 
striction. The performance value that indicates how 
small the opening area of this gap part is is referred to 
as "scaffold properties". 

[0017] IVIeanwhile, as for the advantages of closed 
40 type stents, such stents are advantageous in that the 
struts fonn polygonal shapes, and these polygonal 
shapes are repeated in the circumferential direction and 
axial direction while sharing sides in common, so that 
the abovementioned radial force is extremely large. At 
45 the same time, since polygonal shapes with a limited 
peripheral length are present, even if the stent is dis- 
posed in a bent blood vessel, the polygonal shape con- 
stituting the gap part that is positioned on the outside of 
the bend does not open beyond the area of this polyg- 
50 onal shape; accordingly, the abovementioned scaffold 
properties are good. 

[001 8] However, such stents suffer from the following 
disadvantage: namely, Y stents cannot be inserted into 
the abovementioned branched blood vessels. Specifi- 
cs cally, when a Y stent is installed, even if the balloon of 
another stent delivery catheter is passed through the po- 
lygonal shape constituting the gap part between the 
struts of the closed type stent, and this balloon is ex- 
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panded, the polygonal shape does not open any further, 
since the peripheral length of this polygonal shape is lim- 
ited; accordingly, access to the side branch is impossi- 
ble. It might bethought that this problem could be solved 
by increasing the area o the polygonal shapes; if this is 
done, however, the scaffold properties are sacrificed in 
the same manner as in open type stents. 

DISCLOSURE OF THE INVENTION 

[0019] In order to achieve the abovementioned ob- 
ject, the first invention of the present application pro- 
vides a stent which is flexible in the axial direction prior 
to the expansion of the stent, which shows no contrac- 
tion in the axial length of the stent when the stent is ex- 
panded, which has an extremely large resistance to 
forces exerted by contracting blood vessel following ex- 
pansion, which makes it possible to expand the struts 
of the stent in a uniform manner, and in which there is 
no problem of the two end portions of the stent warping 
to a greater diameter than the central portion when the 
stent is expanded. 

[0020] The present invention provides a stent which 
is formed as a substantially tubular body, and which can 
be expanded outward in the radial direction of this sub- 
stantially tubular body, this stent being characterized in 
that the stent 1 01 comprises circumferentially extenda- 
ble substantially wave-form constituent elements 1 02 
and axially extendable substantially wave-form constit- 
uent elements 103; a plurality of the circumferentially 
extendable substantially wave-form constituent ele- 
ments 102 are disposed substantially in the circumfer- 
ential direction of the stent 101 without being directly 
connected to each other; a plurality of the axially extend- 
able substantially wave-form constituent elements 1 03 
are disposed substantially in the circumferential direc- 
tion of the stent 1 01 without being directly connected to 
each other; and these constituent elements 1 02 and 1 03 
are arranged alternately in periodic series in the axial 
direction of the stent. 

[0021] Furthermore, the present invention also pro- 
vides a stent which is formed as a substantially tubular 
body, and which can be expanded outward in the radial 
direction of this substantially tubular body, wherein the 
stent 101 comprises circumferentially extendable sub- 
stantially wave-form constituent elements 102 and axi- 
ally extendable substantially wave-form constituent el- 
ements 103; a connecting part 127 on one end of the 
circumferentially extendable substantially wave-form 
constituent element 1 02 is connected with a connecting 
part 131 on one end of the axially extendable substan- 
tially wave-form constituent element 103, and a con- 
necting part 139 on the remaining end of the axially ex- 
tendable substantially wave-form constituent element 
103 is connected with a connecting part 121 on the op- 
posite end from the connecting part 127 of another the 
circumferentially extendable substantially wave-form 
constituent element 102, so that the circumferentially 


extendable substantially wave-form constituent ele- 
ments 102 and the axially extendable substantially 
wave-form constituent elements 1 03 are connected pe- 
riodically; and, furthermore, a connecting part 123 on a 

5 peak or valley protruding part of the circumferentially ex- 
tendable substantially wave-form constituent element 
102 isconnected with a connecting part 131 on one end 
of the axially extendable substantially wave-form con- 
stituent element 103, and a connecting part 139 on the 

10 remaining end of the axially extendable substantially 
wave-form constituent element 103 is connected with a 
connecting part 1 25 on the peak or valley protruding part 
present on the opposite side from the connecting part 
123 of another the circumferentially extendable sub- 
stantially wave-form constituent elements 1 02, whereby 
the circumferentially extendable substantially wave- 
form constituent elements 1 02 and the axially extenda- 
ble substantially wave-form constituent elements 103 
are formed in periodic series. 

20 [0022] As a result of combining circumferentially ex- 
tendable elements of the stent and axially extendable 
elements, the stent 101 makes it possible to reduced 
the contraction of the stent in the axial direction when 
the stent is expanded. Furthermore, as a result of the 

25 appropriate disposition of the substantially wave-form 
constituent elements, the stent is flexible in the axial di- 
rection, expands uniformly at the time of expansion, and 
shows a large resistance force to forces that tend to 
cause contraction of the bloodvessel, so that the above- 
so mentioned object is achieved. 

[0023] Furthermore, the present invention also pro- 
vides a stent of the abovementioned type which is char- 
acterized in that the stent is formed with a plurality of 
directly connected circumferentially extendable sub- 

35 stantially wave-form constituent elements 1 02 arranged 
along the circumference of the stent only at the axially 
opposite ends of the stent 1 01 . As a result, the opposite 
ends of the stent show an increased resistance to forces 
that tend to cause contraction of the blood vessel com- 

40 pared to the central portion of the stent, and the warping 
of both end portions of the stent to a greater diameter 
than the central portion at the time of expansion is re- 
duced, so that the abovementioned object is achieved. 
[0024] Furthermore, the present invention provides a 

45 stent 201 which is formed as a substantially tubular 
body, and which can be expanded outward in the radial 
direction of this substantially tubular body, this stent be- 
ing characterized in that the stent 201 comprises cir- 
cumferentially extendable substantially wave-form con- 

50 stituent elements 202, circumferentially extendable sub- 
stantially wave-form constituent elements 203 and axi- 
ally extendable substantially wave-fonri constituent el- 
ements 204; a plurality of the circumferentially extend- 
able substantially wave-form constituent elements 202 

55 are disposed substantially in the circumferential direc- 
tion of the stent without being directly connected to each 
other, a plurality of the circumferentially extendable sub- 
stantially wave-form constituent elements 203 are dis- 
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posed substantially in the circunnferential direction of the 
stent without being directly connected to each other, a 
plurality of the axially extendable substantially wave- 
fornn constituent elements 204 are disposed substan- 
tially in the circumferential direction of the stent without 
being directly connected to each other, and these ele- 
ments are arranged alternately in periodic series in the 
axial direction of the stent. 

[0025] Furthermore, the present invention also pro- 
vides a stent which is formed as a substantially tubular 
body, and which can be expanded outward in the radial 
direction of this substantially tubular body, wherein the 
stent comprises circumferentially extendable substan- 
tially wave-form constituent elements 202, circumferen- 
tially extendable substantially wave-form constituent el- 
ements 203, and axially extendable substantially wave- 
form constituent elements 204; a connecting part 227 
on one end of the circumferentially extendable substan- 
tially wave-form constituent element 202 is connected 
with a connecting part 241 on one end of the axially ex- 
tendable substantially wave-form constituent element 
204, a connecting part 249 on the remaining end of the 
axially extendable substantially wave-form constituent 
element 204 is connected with a connecting part 233 on 
a peak or valley protruding part of the circumferentially 
extendable substantially wave-form constituent element 
203, a connecting part 235 on a peak or valley protrud- 
ing part present on the opposite side from the connect- 
ing part 233 of the circumferentially extendable substan- 
tially wave-form constituent element 203 is connected 
with the connecting part 241 on one end of another cir- 
cumferentially extendable substantially wave-form con- 
stituent element 204, and the connecting part 249 on 
the remaining end of the axially extendable substantially 
wave-form constituent element 204 is connected with a 
connecting part 221 on the opposite end from the con- 
necting part 227 of another circumferentially extendable 
substantially wave-form constituent element 202, so 
that the circumferentially extendable substantially 
wave-form constituent elements 202, the circumferen- 
tially extendable substantially wave-form constituent el- 
ements 203 and the axially extendable substantially 
wave-form constituent elements 204 are arranged in pe- 
riodic series; furthermore, a connecting part 223 on a 
peak or valley protruding part of the circumferentially ex- 
tendable substantially wave-form constituent element 
202 is connected with the connecting part 241 on one 
end of the axially extendable substantially wave-form 
constituent elements 204, the connecting part 249 on 
the remaining end of the axially extendable substantially 
wave-form constituent element 204 is connected with a 
connecting part 237 on one end of the circumferentially 
extendable substantially wave-form constituent element 
203, a connecting part 231 on the opposite end from the 
connecting part 237 of the circumferentially extendable 
substantially wave-form constituent element 203 is con- 
nected with the connecting part 241 on one end of an- 
other axially extendable substantially wave-form con- 


stituent element 204, and the connecting part 249 on 
the remaining end of the axially extendable substantially 
wave-form constituent element 204 is connected with a 
connecting part 225 on a peak or valley protruding part 

5 on the opposite side from the connecting part 223 of an- 
other circumferentially extendable substantially wave- 
form constituent elements 202, so that the circumferen- 
tially extendable substantially wave-form constituent el- 
ements 202, the circumferentially extendable substan- 

10 tially wave-form constituent elements 203 and the axi- 
ally extendable substantially wave-fomn constituent el- 
ements 204 are arranged in periodic series; and where- 
by a stent is formed in which the circumferentially ex- 
tendable substantially wave-form constituent elements 

15 202, the circumferentially extendable substantially 
wave-form constituent elements 203 and the axially ex- 
tendable substantially wave-form constituent elements 
204 are arranged in periodic series. 
[0026] As a result of using circumferentially extenda- 

20 ble elements of the stent and axially extendable ele- 
ments of the stent in combination, the abovementioned 
stent 201 makes it possible to reduce the contraction of 
the stent in the axial direction at the time of expansion. 
Furthermore, as a result of the appropriate disposition 

25 of substantially wave-form constituent elements, the 
stent is flexible in the axial direction, expands uniformly 
at the time of expansion, and shows a large resistance 
force to forces that tend to cause contraction of the blood 
vessel, so that the abovementioned object is achieved. 

30 [0027] Furthermore, the present invention also pro- 
vides the abovementioned stent which is characterized 
in that only the axially opposite ends of the stent 201 are 
formed by arranging along the circumference of the 
stent a plurality of directly connected circumferentially 

35 extendable substantially wave-form constituent ele- 
ments 202 or 203 (or both). As a result, the opposite 
ends of the stent have a larger resistance to forces that 
tend to cause contraction of the blood vessel than the 
central portion of the stent. Furthermore, the warping of 

40 both end portions of the stent to a greater diameter than 
the central portion during expansion is reduced, so that 
the abovementioned object is achieved. 
[0028] The present invention also provides a stent 
which is formed as a substantially tubular body, and 

45 which can be expanded in the radial direction from the 
inside of the substantially tubular body, this stent being 
characterized in that the basic elements that constitute 
the abovementioned stent 301 , 303 or 305 are substan- 
tially shaped as parallelograms. 

50 [0029] Furthermore, the present invention provides a 
stent which is characterized in that substantially paral- 
lelogram-shaped elements 302, 304 and 306 are com- 
bined together in an alternately oriented fashion. 
[0030] Furthermore, the present invention provides a 

55 stent which is characterized in that substantially paral- 
lelogram-shaped elements 302, 304, 306 are combined 
together in an alternately oriented fashion, the respec- 
tive sides of the substantially parallelogram-shaped el- 
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ements are substantially parallel to the axial direction of 
the stent prior to the expansion of the stent, and the re- 
spective sides of the substantially parallelogram- 
shaped elennents 302, 304, 306 form an angle with re- 
spect to the axial direction of the stent following the ex- 
pansion of the stent. 

[0031] 'Furthermore, the present invention provides a 
stent in which the substantially parallelogram-shaped 
elements 304 and 306 are constructed from substantial- 
ly linear struts 321 and 331 and substantially wave-form 
struts 322 and 332. 

[0032] Furthermore, the present invention provides a 

stent in which substantially parallelogram-shaped ele- 
ments with different areas are disposed in the axial di- 
rection of the stent. 

[0033] Furthermore, the present invention provides a 
stent in which different strut widths or different strut 
thicknesses, or both, are combined in the axial direction 
of the stent. 

[0034] The present invention provides a stent which 
is formed as a substantially tubular body, and which can 
be expanded outward in the radial direction of this sub- 
stantially tubular body, characterized in that: the stent 
401 , 402 comprises annular first substantially wave- 
form elements 411 , 451 that can be expanded in the ra- 
dial direction, link part elements 413, 453 that can be 
extended in the axial direction, and branch-form ele- 
ments 412, 452 that extend from the first substantially 
wave-form elements 411 , 451 ; one end of the link part 
element 413, 453 is connected to the first substantially 
wave-form element 411 , 451 , the other end of the link 
part element 413, 453 is connected to one end of the 
branch-form element 41 2, 452, and the other end of the 
branch-form element 412, 452 is connected to the first 
substantially wave-form element 411 , 451 . 
[0035] The present invention provides a stent which 
is formed as a substantially tubular body, and which can 
be expanded outward in the radial direction of the sub- 
stantially tubular body, this stent being characterized in 
that the abovementioned stent 403 comprises annular 
first substantially wave-form elements 481 which can be 
expanded in the radial direction, link part elements 483 
which can be extended in the axial direction, branch- 
form elements 482 which extend from the abovemen- 
tioned first substantially wave-form elements 481 , and 
substantially N-shaped elements 485. 
[0036] The present invention provides a stent in which 
both end portions of the stent comprise annular second 
substantially wave-form elements 414, 454, 484 that 
can be expanded in the radial direction. 
[0037] The present invention provides a stent which 
can be uniformly expanded in substantially the same 
shape except for both end portions. 
[0038] Next, the second invention of the present ap- 
plication provides a stent which is uniformly expanded 
and in which excessive expansion is suppressed, while 
atthe same time the size of the basic cells that constitute 
the stent is reduced so that the bulging of endothelial 


cells of vascular tissues into the interior of the stent is 
suppressed. 

[0039] The present invention provides a stent 501 , 
502 or 503 for placement in vascular tissues inside body 
5 cavities, which is formed as a substantially tubular body, 
and which can be expanded outward in the radial direc- 
tion of the substantially tubular body, this stent being 
characterized in that the stent has a structure that pre- 
vents excessive expansion to a diameter greater than 
the desired diameter. 

[0040] Furthermore, the present invention also pro- 
vides the abovementioned stent 501 , 502 or 503, which 
has a structure in which the basic cells 51 1 that consti- 
tute the stent comprise main struts 514 which are dis- 
posed so that the length of these struts is oriented in the 
axial direction of the stent when the stent has not yet 
been expanded, and sub-struts 5 1 5 which are folded be- 
tween these main struts 514, and which support the 
main struts 51 4 in the circumferential direction when the 
stent is expanded, the main struts 514 and sub-struts 
515 form annular substantially polygonal shapes that 
comprise three or more sides when the stent is expand- 
ed, a plurality of these basic cells 51 1 are connected in 
the circumferential direction so that band parts 512 are 
formed, and a plurality of these band parts 51 2 are con- 
nected in the longitudinal direction via link parts 513. 
[0041 ] Furthermore, it is desirable that the stent 501 , 
502 or 503 of the present invention satisfy the relation- 
ships 71 X D = 0.5 X A X sin e X B and 60° < G < 90°, 
where A is the overall length of the sub-struts 51 5 in one 
basic cell 511 folded between the main struts 514, B is 
the number of basic cells 51 1 within one band part 512 
formed by the series of a plurality of basic cells 511 in 
the circumferential direction, and D is the desired ex- 
panded diameter of the stent, and that the stent further 
satisfy the relationship L< A < 2 x L, here L is the length 
of the main struts 51 4 (in the longitudinal direction) with- 
in the basic cells 511 when the stent has not yet been 
expanded. Furthermore, it is even more desirable that 
the stent satisfy the relationship 0.5 x W < T < 3 x 
where W is the width of the wire material that constitutes 
the main struts 514 and sub-struts 515, and T is the 
thickness of this wire material. 

[0042] In the abovementioned stent 501 , 502 or 503, 
it is desirable that the shape of the basic cells 51 1 at the 
time of expansion of the stent be substantially triangular, 
substantially square or substantially trapezoidal, that 
the link parts 513 that connect the band parts 512 
formed by a plurality of these basic cells 51 1 being con- 
nected in the circumferential direction have a structure 
that allows expansion and contraction in the longitudinal 
direction, and that this stent satisfy the relationship 0,3 
X L < C < 2L, where C is the length of the link parts in 
the axial direction of the stent when the stent has not 
yet been expanded. 

[0043] In the abovementioned stents 501, 502 and 
503, it is desirable that at least the main struts 514 and 
sub-struts 51 5 comprise one or more materials selected 
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from a set comprising stainless steel, super-elastic met- 
als, polymer materials with a bending elastic modulus 
of 1 GPa or greater, and biodegradable polymer mate- 
rials. 

[0044] Furthermore, the stents 501 502 and 503 of 
the present invention are also provided as structures in 
which a tubular thin polymer film Is formed on the outer 
circumferential surface of the abovementioned stents. 
[0045] Furthermore, it is desirable that the abovemen- 
tioned stents 501 , 502 and 503 have an X-ray-imperme- 
able marker that allows confirmation of the position of 
the stent in X-ray imaging. Furthermore, a drug or ther- 
apeutic gene which is used to prevent re-constriction or 
to suppress the formation of thrombi may be added or 
applied as a surface treatment. 

[0046] Furthermore, the third invention of the present 
application provides a closed type stent which elimi- 
nates the disadvantages of a closed type stent while re- 
taining the advantages of such a stent, and which at the 
same time retains only the advantages of an open type 
stent without suffering from any of the disadvantages of 
such an open type stent. In more concrete terms, the 
third invention makes it possible to install a Y stent in 
branched blood vessels (the impossibility of such instal- 
lation being a shortcoming of closed types stents) while 
maintaining the high radial force and superior scaffold 
properties that are the advantages of closed type stents, 
[0047] The present invention is a closed type stent 
603. Here, more or less polygonal shape patterns 605 
which are surrounded by struts 604 constituting linear 
elements are endowed with a linear peripheral length 
and opening part area that are required in order to main- 
tain superior scaffold properties and a high radial force. 
At the same time, a relatively large number of local fold- 
ed portions 607 that can undergo elongating deforma- 
tion are disposed in the abovementioned polygonal 
shape patterns 605, so that the opening parts of the 
abovementioned polygonal shape patterns can be 
spread (caused to undergo an expanding deformation) 
to a size that is sufficient to allow access to side branch- 
es by pushing and spreading the abovementioned po- 
lygonal shape patterns 605 from the inside toward the 
outside. 

[0048] In other words, the stent 603 of the present in- 
vention is a stent which is formed as a substantially tu- 
bular body, and which can be expanded outward in the 
radial direction of the substantially tubular body, wherein 
a plurality of patterns 605 with more or less polygonal 
shapes surrounded by struts 604 constituting linear el- 
ements are lined up in the circumferential direction and 
axial direction, this stent being characterized in that the 
abovementioned polygonal shape patterns 605 have a 
linear peripheral length 606, 609 (original linear periph- 
eral length), and these polygonal shape patterns 605 
have three or more local folded portions 607, 610 per 
polygonal shape pattern 605, which are capable of elon- 
gating deformation so that the peripheral length 608 fol- 
lowing expansion by pushing is extended to 1.3 to 2.0 


times the original linear peripheral length 606, 609. Fur- 
thermore, it is desirable that the number of local folded 
parts 607, 61 0 per polygonal shape pattern 605 that are 
capable of elongating deformation be the same as the 

5 number of sides of the abovementioned polygons. 
[0049] Furthermore, the present invention provides a 
stent 603 which is formed as a substantially tubular 
body, and which can be expanded outward in the radial 
direction of the substantially tubular body, wherein a plu- 

10 rality of patterns 605 with more or less polygonal shapes 
surrounded by struts 604 constituting linear elements 
are lined up in the circumferential direction and axial di- 
rection, this stent being characterized in that the above- 
mentioned polygonal shape patterns 605 have a linear 

15 peripheral length 606, 609, the abovementioned polyg- 
onal shape patterns 605 have parts 607, 61 0 that are 
capable of elongating defomnation in the polygonal 
shape patterns 605 so that the peripheral length of the 
polygonal shape patterns 605 can be expanded to a val- 

20 ue that is 1 .3 times to 2.0 times the abovementioned 
linear peripheral length 606, 609 by pushing the polyg- 
onal shape patterns open from the inside toward the out- 
side, and these parts that are capable of elongating de- 
formation are formed so that the total of the linear 

25 lengths of these parts that are capable of elongating de- 
formation in the directions of the sides of the abovemen- 
tioned polygonal shapes extends from 1/3 to 1 time the 
linear length of the abovementioned polygonal shape 
patterns 605. 

30 [0050] As a result of having a plurality of polygonal 
shape patterns 605 in the circumferential direction and 
axial direction, the abovementioned stent 603 can main- 
tain a high radial force, and at the same time has supe- 
rior scaffold properties. Furthermore, since local folded 

35 parts 607, 610 that are capable of elongating deforma- 
tion are present in relatively large numbers in the re- 
spective polygonal shape patterns 605 as described 
above, the peripheral length of the polygonal shape pat- 
terns 605 can be greatly deformed by expanding the bal- 

40 loon of another stent delivery catheter placed in the side 
branch via these polygonal shape patterns 605; accord- 
ingly, access to side-branch vessels and Y stenting are 
possible. 

[0051] In the techniques described in Japanese Pat- 
45 ent KOKAI Publication No. HI 0-1 37345 and Japanese 
Patent KOHYO Publication No. HI 0-503676, two U- 
shaped parts are present facing each other in the loz- 
enge-shaped parts formed by the struts. However, these 
parts are used to endow the stent with flexibility in the 
50 axial direction; these U-shaped parts are not parts that 
are caused to undergo elongating deformation in order 
to allow Y stenting, and there is no description of any 
such action. In actuality, furthermore, in a case where 
there are only two U-shaped parts per lozenge shape 
55 as described in the patent specifications, a sufficient 
opening area to allow side branch access cannot be ob- 
tained by pushing the shape open by the expansion of 
the balloon of the abovementioned stent delivery cath- 
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eter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0052] 5 

Fig. 1 is a development view which shows a stent 
101 constituting a first embodiment of the first in- 
vention of the present application; 
Fig. 2 is an explanatory diagram which shows one io 
of the circumferentially extendable substantially 
wave-form constituent elements 102 of the stent 
1 01 shown in Fig. 1 ; 

Fig. 3 is an explanatory diagram which shows one 
of the axially extendable substantially wave-form 15 
constituent elements 1 03 of the stent 1 01 shown in 
Fig. 1; 

Fig. 4 is a development view of the stent 101 shown 
in Fig. 1 prior to expansion; 

Fig. 5 is a development view of the stent 1 01 show- 20 

ing a modification of the first embodiment; 

Fig. 6 is a development view which shows a stent 

201 constituting a second embodiment of the first 

invention of the present application; 

Fig. 7 is an explanatory diagram which shows one 25 

of the circumferentially extendable substantially 

wave-form constituent elements 202 of the stent 

201 shown in Fig. 6; 

Fig. 8 is an explanatory diagram which shows one 
of the circumferentially extendable substantially 30 
wave-form constituent elements 203 of the stent 
201 shown in Fig. 6; 

Fig. 9 is an explanatory diagram which shows one 
of the axially extendable substantially wave-form 
constituent elements constituent elements 204 of 35 
the stent 201 shown in Fig, 6; 
Fig. 10 is a development view of the stent 201 
shown in Fig. 6 prior to expansion; 
Fig. 11 is a development view of the stent 201 
shown in Fig. 6 following expansion; 40 
Fig. 1 2 is a development view of the stent 201 show- 
ing a modification of the second embodiment; 
Fig. 1 3 is a development view which shows a stent 
301 constituting a third embodiment of the first in- 
vention of the present application; 45 
Fig. 1 4 is a development view of a stent 303 which 
shows a modification of the third embodiment; 
Fig. 1 5 is a development view of a stent 305 follow- 
ing expansion of the stent, which shows another 
modification of the third embodiment; so 
Fig. 16 is a development view of the stent 305 
shown in Fig. 15 prior to expansion; 
Fig. 1 7 is a development view which shows a stent 
401 constituting a fourth embodiment of the first in- 
vention of the present application; 55 
Fig. 1 8 is a development view of the central portion 
of the stent 401 shown in Fig. 17; 
Fig. 1 9 is a development view of both end portions 


of the stent 401 shown in Fig. 17; 
Fig. 20 is development view of the stent 401 shown 
in Fig. 17 phorto expansion; 
Fig. 21 is a development view of a stent 402 which 
shows a modification of the fourth embodiment; 
Fig. 22 is a development view of the central portion 
of the stent 402 shown in Fig. 21 ; 
Fig. 23 is a development view of both end portions 
of the stent 402 shown in Fig. 21 ; 
Fig. 24 is a development view of a stent 403 which 
shows another modification of the fourth embodi- 
ment; 

Fig. 25 is a development view of the central portion 
of the stent 403 shown in Fig. 24; 
Fig. 26 is a development view of both end portions 
of the stent 3 shown in Fig. 24; 
Fig. 27 is a development view which shows a stent 
501 constituting an embodiment of the second in- 
vention of the present application; 
Fig. 28 is a partial enlarged view which shows a ba- 
sic cell of the stent 501 shown in Fig. 27 prior to 
expansion; 

Fig. 29 is a partial enlarged view which shows a ba- 
sic cell of the stent 501 shown in Fig. 27 following 
expansion; 

Fig. 30 is an explanatory diagram which shows the 
struts of the basic cell of the stent 501 shown in Fig. 
27priorto expansion, as modeled by line segments; 
Fig. 31 is a development view of the stent 501 
shown in Fig. 27 following expansion; 
Fig. 32 is a partially cut-away enlarged perspective 
view of the stent 501 shown in Fig. 27; 
Fig. 33 is a partial enlarged view which shows an 
example of a variation in the shape of the portion 
where plastic deformation occurs during the expan- 
sion of the stent; 

Fig. 34 is an enlarged sectional view of the portion 
with a varied shape shown in Fig. 33; 

Fig. 35 is a development view of a stent 502 consti- 
tuting another embodiment of the second invention 
prior to expansion; 

Fig. 36 is a development view of a stent 503 consti- 
tuting still another embodiment of the second inven- 
tion prior to expansion; 

Fig. 37 is a development view of the stent 502 
shown in Fig. 35 following expansion; 
Fig. 38 is a development view of the stent 503 
shown in Fig. 36 following expansion; 
Fig. 39 is a partial enlarged view which shows one 
example of the link part 51 3 of the stent of the sec- 
ond invention; 

Fig. 40 is a partial enlarged view which shows the 
link part 513 of the stent of the second invention, 
and shows an example in which this link part is en- 
dowed with flexibility with respect to forces that are 
perpendicular to the direction of length; 
Fig. 41 is a partial enlarged view which shows the 
link part 513 of the stent of the second invention, 
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and shows another exannple in which this link part 
is endowed with flexibility with respect to forces that 
are perpendicular to the direction of length; 
Fig. 42 is a partial enlarged view which shows the 
link part 513 of the stent of the second invention, 
and shows another exannple in which this link part 
is endowed with flexibility with respect to forces that 
are perpendicular to the direction of length; 
Fig. 43 is a partial enlarged view which shows the 
link part 513 of the stent of the second invention, 
and shows another exannple in which this link part 
is endowed with flexibility with respect to forces that 
are perpendicular to the direction of length; 
Fig. 44 is a partial enlarged view which shows the 
band part 512 and link part 513 of the stent 501 of 
the second invention; 

Fig. 45 is an explanatory diagram which shows a Y 

stent or Y stenting; 

Fig. 46 is a developnnent view which shows an enn- 
bodinnent of the stent 603 o the third invention of the 
present application; 

Fig. 47 is a partial enlarged view of a polygonal 
shape pattern 605 showing the original linear pe- 
ripheral length 606 in the stent 603 shown in Fig. 46; 
Fig. 48 is a developnnent view which shows the pe- 
ripheral length 608 after the opening parts of the 
specified polygonal shape pattern 605 have been 
pushed open; 

Fig, 49 is a partial enlarge view of the polygonal 
shape pattern 605 of the stent 603 showing another 
ennbodiment of the third invention; and 
Fig. 50 shows the embodiment shown in Fig. 49, 
and is a partial enlarged view of the polygonal 
shape pattern 605 showing the liner length in the 
direction of the side of the polygonal shape in a local 
portion that can be extended and defomned. 

BEST IVIODE FOR CARRYING OUT THE INVENTION 

[0053] Embodiments of the stent of the present inven- 
tion will be described below with reference to the at- 
tached figures; however, the present invention is not lim- 
ited to these embodiments. 

[0054] Figs. 1 through 5 show a stent constituting a 
first embodiment of the first invention of the present ap- 
plication. Fig. 1 is a development view of the stent 101 . 
The stent 101 is a stent which is formed in a substantially 
tubular shape, and which can be expanded outward in 
the radial direction of this tubular shape. This stent com- 
prises circumferentially extendable substantially wave- 
form constituent elements 102, and axially extendable 
substantially wave-form constituent elements 103. 
Three of the abovementioned circumferentially extend- 
able substantially wave-form constituent elements 1 02 
are disposed substantially in the circumferential direc- 
tion of the stent with out being directly connected to each 
other, and six of the abovementioned axially extendable 
substantially wave-form constituent elements 103 are 


disposed in the circumferential direction of the stent 
without being directly connected to each other. These 
elements are alternately and periodically connected to 
each other, thus fonning the stent. The numbers of the 

5 abovementioned circumferentially extendable substan- 
tially wave-form constituent elements 102 and axially 
extendable substantially wave-form constituent ele- 
ments 103 which are present in one circumference of 
the stent are determined in accordance with the length 

10 and external diameter of the stent that is manufactured; 
these numbers are not limited to three circumferentially 
extendable substantially wave-fomn constituent ele- 
ments 102 and six axially extendable substantially 
wave-form constituent elements 103. As a result of us- 

15 ing circumferentially extendable elements of the stent 
and axially extendable elements of the stent in combi- 
nation, the stent 101 can be expanded outward in the 
radial direction, and can reduce contraction of the stent 
in the axial direction at the time of this expansion. Fur- 

20 thermore, as a result of the abovementioned substan- 
tially wave-form constituent elements 102 and circum- 
ferentially extendable substantially wave-form constitu- 
ent elements 1 03 or axial direction being disposed sub- 
stantially in the circumferential direction of the stent 

25 without being directly connected to each other, the stent 
can be endowed with flexibility. 

[0055] Here, the term "circumferentially extendable 
constituent elements or axial direction" refers respec- 
tively to elements with a structure that allows elongation 

30 in the circumferential direction of the tubular stent, or in 
the axial direction (direction of length) of the stent. How- 
ever, it is desirable that this structure be a structure that 
also allows contraction. For example, in cases where 
the stent is placed in a straight blood vessel, there is 

35 basically no problem in the case of deformation com- 
prising only extension. However, in cases where the 
stent is placed in a bent blood vessel, an extra extension 
because of the disposition in the shape of the blood ves- 
sel is generated besides the extension generated at the 

40 time of expansion on the outside of the bent portion. In 
this case, if contractile deformation is possible on the 
inside of the bent portion, the excessive increase in the 
spacing between the stent struts caused by excessive 
extension on the outside of he bent blood vessel can be 

45 reduced. The substantially wave-form constituent ele- 
ments 1 02 and circumferentially extendable substantial- 
ly wave-form constituent elements 103 and axial direc- 
tion shown in the stent 101 have respective structures 
that also allow contraction. 

50 [0056] Furthermore, as long as the substantially 
wave-form constituent elements 1 02 and substantially 
wave-form constituent elements 103 have respective 
structures that allow extension in the circumferential di- 
rection and axial direction, these elements may have 

55 various types of shapes other than those shown in Fig. 
1 . For example, in the case of the circumferentially ex- 
tendable substantially wave-form constituent elements 
102, shape alterations such as adjustment of the angle 
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or the like or formation of tine entire element with a 
curved surface or the like, may be made in order to ad- 
just the required dimension at the time of extension or 
the expanding force. However, it is desirable that the 
abovementioned circumferentially extendable substan- 
tially wave-form constituent elements 1 02 have a struc- 
ture in which the combined number of peak and valley 
vertices is 2 or greater. If this number is smaller than 2, 
it is difficult to maintain the number of connection loca- 
tions while obtaining a capacity for expansion. A struc- 
ture with 4 peak and valley vertices is even more desir- 
able. The circumferentially extendable substantially 
wave-form constituent elements 102 of the stent 101 
shown in Fig. 1 have peak and valley vertices on the 
end portions, and the combined number of peak and val- 
ley vertices including the end portions is 4. Furthemiore, 
in the case of the axial ly extendable substantially wave- 
form constituent elements 103, various shapes with re- 
spect to (for example) the number and angle of the bent 
locations and the like may be used in order to adjust the 
required dimension at the time of extension or the ex- 
panding force. However, it is desirable that the axially 
extendable substantially wave-form constituent ele- 
ments 103 have a structure in which the combined 
number of peak and valley vertices is 1 or greater. If 
there is not even a single vertex, it is difficult to obtain a 
capacity for extension. A structure which has 2 or 4 ver- 
tices is preferable, and a structure which has 4 vertices 
is even more preferable. In the axially extendable sub- 
stantially wave-form constituent elements 103 of the 
stent 101 shown in Fig. 1, the combined number of 
peaks and valleys is 4. 

[0057] Furthermore, in the case of the circumferential 
elements 1 04 that are constructed by disposing a plu- 
rality of the abovementioned circumferentially extenda- 
ble substantially wave-form constituent elements 1 02 
(which are not directly connected to each other) sub- 
stantially in the circumferential direction of the stent, it 
is desirable that the length of these elements 1 04 in the 
axial direction be short, since this allows smooth bend- 
ing of the stent, thus preventing damage to the blood 
vessel walls, in cases where the stent is inserted into 
bent blood vessels. Preferably, the stent has 5 or more 
circumferential elements 104 per 10 mm of the stent. 
[0058] If the numbers of the abovementioned circum- 
ferentially extendable substantially wave-form constitu- 
ent elements 102 and axially extendable substantially 
wave-form constituent elements 103 (per single circum- 
ference) are small, a large blood vessel retaining force 
cannot be expected. Preferably, per single circumfer- 
ence, the number of the abovementioned circumferen- 
tially extendable substantially wave-form constituent el- 
ements 1 02 is 3 or greater, and the number of the above- 
mentioned axially extendable substantially wave-form 
constituent elements 1 03 is 6 or greater. In this case, a 
high blood vessel retaining force can be manifested. 
[0059] At the opposite ends of the stent 101, the 
abovementioned substantially wave-form constituent 


elements 1 02 that can be extended in the circumferen- 
tial are directly and continuous connected, so that a sub- 
stantially wave-form shape that can be extended in the 
circumferential is formed around the circumferential of 

5 the stent. As a result, both ends o the stent have a great- 
er resistance to forces that tend to cause contraction of 
the blood vessel than the central portion of the stent, 
and the problem of both end portions o the stent warping 
to a greater diameter than the central portion of the stent 

10 when the stent is expanded does not arise. 

[0060] Furthermore, the length (in the axial direction 
of the stent) of the circumferentially extendable substan- 
tially wave-form constituent elements 102 which make 
up the axially opposite ends of the stent may be set so 

15 that this length is shorter than the length (in the axial 
direction of the stent) of the substantially wave-form (cir- 
cumferentially extendable) constituent elements 102 
which make up the portions of the stent other than the 
axially opposite ends of the stent. In this case, the re- 

20 sistance to forces that tend to cause contraction of the 
blood vessel is even greater than in cases where such 
a structure is not used; furthennore, the problem of both 
end portions of the stent warping to a greater diameter 
than the central portion at the time of expansion does 

25 not occur. 

[0061] Furthermore, it is also possible to make the 
width of the struts of the circumferentially extendable 
substantially wave-form constituent elements 1 02 wider 
only at the axially opposite ends of the stent (compared 

30 to locations other than the axially opposite ends of the 
stent). In this case, the resistance to forces that tend to 
cause contraction of the blood vessel is even greater 
than in cases where such a structure is not used; fur- 
thermore, the problem of both end portions of the stent 

35 warping to a greater diameter than the central portion at 
the time of expansion does not occur. Here, the term 
"strut" refers to the wire-form members that constitute 
the stent. 

[0062] Furthermore, it is also possible to make the 

40 thickness of the struts of the circumferentially extenda- 
ble substantially wave-form constituent elements 102 
thicker only at the axially opposite ends of the stent 
(compared to locations other than the axially opposite 
ends of the stent). In this case, the resistance to forces 

45 that tend to cause contraction of the bloodvessel is even 
greater than in cases where such a structure is not used; 
furthermore, the problem of both end portions of the 
stent warping to a greater diameterthan the central por- 
tion at the time of expansion does not occur. 

50 [0063] Furthermore, it is also possible to use a com- 
bined structure in which the length (with respect to the 
axial direction of the stent) of the circumferentially ex- 
tendable substantially wave-form constituent elements 
1 02 is made shorter, the width of the struts is made wid- 

55 er, and the thickness of the struts is made thicker only 
at the axially opposite ends of the stent compared to lo- 
cations otherthan the axially opposite ends of the stent, 
Furthermore, it is also possible to make the length (with 
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respect to the axial direction of the stent) of the circum- 
ferentially extendable substantially wave-form constitu- 
ent elements 1 02 or the axialiy extendable substantially 
wave-form constituent elements 1 03, or both, shorter in 
steps as the position of these elements shifts from the 
central portion of the stent (with respect to the axial di- 
rection) to the end portions. In this case, the resistance 
to forces that tend to cause contraction of the blood ves- 
sel is even greater than in cases where such a structure 
is not used, and the problem of both end portions of the 
stent warping to a greater diameter than the central por- 
tion at the time of expansion does not occur; further- 
more, the flexibility in the axial direction of the stent can 
be varied in steps without causing any great variation in 
this flexibility. 

[0064] Furthermore, it is also possible to increase the 
width of the struts of the abovementioned circumferen- 

tially extendable substantially wave-form constituent el- 
ements 102 or the abovementioned axialiy extendable 
substantially wave-form constituent elements 103, or 
both, in steps as the positions of these elements shift 
from the central portion of the stent (with respect to the 
axial direction) to the end portions. In this case, the re- 
sistance to forces that tend to cause contraction of the 
blood vessel is even greater than in cases where such 
a structure is not used, and the problem of both end por- 
tions of the stent warping to a greater diameter than the 
central portion at the time of expansion does not occur; 
furthermore, the flexibility in the axial direction of the 
stent can be varied in steps without causing any great 
variation in this flexibility. 

[0065] Furthermore, it is also possible to increase the 
thickness of the struts of the abovementioned circum- 
ferentially extendable substantially wave-form constitu- 
ent elements 1 02 or the abovementioned axialiy extend- 
able substantially wave-form constituent elements 1 03, 
or both, in steps as the positions of these elements shift 
from the central portion of the stent (with respect to the 
axial direction) to the end portions. In this case, the re- 
sistance to forces that tend to cause contraction of the 
blood vessel is even greater than in cases where such 
a structure is not used, and the problem of both end por- 
tions of the stent warping to a greater diameter than the 
central portion at the time of expansion does not occur; 
furthermore, the flexibility in the axial direction of the 
stent can be varied in steps without causing any great 
variation in this flexibility. 

[0066] Furthermore, it is also possible to use a struc- 
ture in which the length (in the axial direction of the stent) 
of the circumferentially extendable substantially wave- 
form constituent elements 1 02 or the axialiy extendable 
substantially wave-form constituent elements 103, or 
both, is increased in steps, the width of the struts is in- 
creased in steps and the thickness of the struts is in- 
creased in steps as the positions of these elements shift 
from the central portion of the stent (with respect to the 
axial direction) to both end portions of the stent, 
[0067] The stent 101 shown in Fig. 1 has a construc- 


tion in which 9 rows of the abovementioned circumfer- 
entially extendable substantially wave-form constituent 
elements 102 (including both end) and 8 rows of the 
abovementioned axialiy extendable substantially wave- 
5 form constituent elements 1 03 are alternately connect- 
ed. These 9 rows of the abovementioned circumferen- 
tially extendable substantially wave-form constituent el- 
ements 102 (including both ends) and 8 rows of the 
abovementioned axialiy extendable substantially wave- 
10 form constituent elements 103 are determined in ac- 
cordance with the length and external diameter of the 
stent that is manufactured; the number of the above- 
mentioned circumferentially extendable substantially 
wave-form constituent elements 102 (including both 
15 ends) is not limited to 9 rows, and the number of the 
abovementioned axialiy extendable substantially wave- 
form constituent elements 103 is not limited to 8 rows. 
[0068] As is shown in Fig. 1 , the abovementioned cir- 
cumferentially extendable substantially wave-form con- 
20 stituent elements 1 02 are lined up in the circumferential 
direction of the stent, and are not directly connected to 
each other. Furthermore, the abovementioned axialiy 
extendable substantially wave-form constituent ele- 
ments 1 03 are also lined up in the circumferential direc- 
ts tion of the stent, and are likewise not directly connected 
to each other. 

[0069] One aspect of the circumferentially extendable 
substantially wave-form constituent elements 102 is 
shown in Fig. 2, and oneaspectof the axialiy extendable 

30 substantially wave-form constituent elements 103 is 
shown in Fig. 3. The abovementioned circumferentially 
extendable substantially wave-form constituent ele- 
ments 102 are constructed from linear parts 122, 124, 
126 and connecting parts 121, 123, 125, 127, and the 

35 abovementioned axialiy extendable substantially wave- 
form constituent elements 1 03 are constructed from lin- 
ear parts 133, 135, 137, connecting parts 131, 139 and 
bent parts 1 32, 1 34, 1 36, 1 38. All of the connecting parts 
121 , 123, 125, 127 are respectively connected to one of 

40 the connecting parts 131 or 139; accordingly, when the 
stent is expanded, the force is uniformly transmitted to 
the circumferentially extendable substantially wave- 
form constituent elements 1 02 and the axialiy extenda- 
ble substantially wave-form constituent elements 103, 

45 so that the stent struts can be uniformly expanded. 
[0070] In regard to the linear parts 122, 124, 126 of 
the circumferentially extendable substantially wave- 
form constituent elements 1 02 and the linear parts 1 33, 
135, 137 of the axialiy extendable substantially wave- 

50 form constituent elements 1 03, the flexibility in the axial 
direction of the stent is lost if the width and thickness of 
the struts are increased; conversely, the force that with- 
stands radial stresses applied from the outer circumfer- 
ence is reduced if the width and thickness of the struts 

55 are reduced. Accordingly, in order to appropriately sat- 
isfy requirements for both flexibility in the axial direction 
of the stent and a force that can withstand radial stress- 
es applied from the outer circumference, it is desirable 
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that the linear parts 122, 124, 126 of the abovemen- 
tioned circumferentially extendable substantially wave- 
form constituent elennents 1 02 have a width of 80 |anri to 
150 ^im and a thickness of 70 \im to 150 ^im; further- 
more, a width of 1 20 jxm to 1 40 |xm and a thickness of 
100 jxm to 120 ^m are even more desirable. Further- 
more, it is desirable that the linear parts 133, 135, 137 
of the abovementioned axially extendable substantially 
wave-form constituent elements 1 03 have a width of 50 
jim to 1 00 jxm and a thickness of 50 [.im to 1 50 jam; more- 
over, a width of 60 ^m to 80 ^m and a thickness of 80 
^m to 120 ^m are even more desirable. However, both 
the circumferentially extendable substantially wave- 
form constituent elements 1 02 and the substantially 
wave-form axially extendable constituent elements 1 03 
can be adjusted to various sizes other than the above- 
mentioned dimensions in accordance with the material 
that forms the stent and the positions in which the ele- 
ments are used. 

[0071] If the length (in the axial direction) of the 
abovementioned circumferentially extendable substan- 
tially wave-form constituent elements 1 02 is long, the 
stent cannot be smoothly bent, and the corners of the 
struts tend to stand out, when the stent is inserted into 
a bent blood vessel. Conversely, if the axial length of the 
abovementioned circumferentially extendable substan- 
tially wave-form constituent elements 1 02 is short, then 
the stent cannot be expanded to the required stent di- 
ameter at the time of expansion. Furthermore, if the axial 
length of the abovementioned axially extendable sub- 
stantially wave-form constituent elements 103 is long, 
then the gaps that are formed between the stent struts 
at the time of expansion are large, so that endothelial 
cells of vascular tissues may bulge to considerable ex- 
tent through these gap areas, thus causing re-constric- 
tion in some cases. Conversely, if the axial length of the 
abovementioned axially extendable substantially wave- 
form constituent elements 1 03 is short, then the flexibil- 
ity of the stent in the axial direction is lost. Accordingly, 
it is desirable that the axial length of the abovemen- 
tioned circumferentially extendable substantially wave- 
form constituent elements 102 be 0.8 mm to 1.8 mm, 
and a length of 1 .0 mm to 1 .4 mm is even more desira- 
ble. Furthermore, it is desirable that the axial length of 
the abovementioned axially extendable substantially 
wave-form constituent elements 103 be 0.5 mm to 1 .5 
mm, and a length of 0.7 mm to 1.0 mm is even more 
desirable. However, both the substantially wave-form 
constituent elements 1 02 and 1 03 an be adjusted to var- 
ious sizes other than the abovementioned dimensions 
in accordance with the material that forms the stent and 
the position in which the stent is used, 
[0072] The stent of the present invention can be man- 
ufactured using a metal which has an appropriate rigidity 
and elasticity such as stainless steel, an Ni-Ti alloy, a 
Cu-AI-Mn alloy or the like, or a polymer material which 
has an appropriate rigidity and elasticity. 
[0073] The stent of the present invention may also be 


finished by plating the stent with a protective material, 
impregnating the stent with drugs, or covering the stent 
with materials. 

[0074] Furthermore, laser working methods, dis- 

5 charge working methods, mechanical cutting methods, 
etching methods and the like can be used as stent form- 
ing methods. 

[0075] Fig. 4 shows a development view of the stent 
of the present invention mounted on a balloon catheter. 

10 As is shown in Fig, 4, even when the stent is mounted 
on a balloon catheter, the abovementioned circumfer- 
entially extendable substantially wave-form constituent 
elements 102 are lined up in the circumferential direc- 
tion of the stent, the abovementioned axially extendable 
15 substantially wave-form constituent elements 103 are 
also lined up in the circumferential direction of the stent, 
and circumferential elements 104 in which the above- 
mentioned circumferentially extendable substantially 
wave-form constituent elements 1 02 are lined up in the 
20 circumferential direction and circumferential elements in 
which the abovementioned axially extendable substan- 
tially wave-fomn constituent elements 103 are lined up 
in the circumferential direction are alternately connected 
in the axial direction of the stent. As result, when the 
25 stent is expanded, even if the circumferentially extend- 
able substantially wave-form constituent elements 102 
contract in the axial direction, the axially extendable 
substantially wave-form constituent elements 103 are 
expanded in the axial direction, so that the overall length 
30 of the stent can be maintained at the same length before 
and after expansion of the stent. 
[0076] Fig. 5 shows a modification of the first embod- 
iment of the first invention. Specifically, in this embodi- 
ment, only the two ends of the stent in the axial direction 
35 are formed by disposing in the circumferential direction 
of the stent a plurality of directly connected circumfer- 
entially extendable substantially wave-form constituent 
elements 1 02. Furthermore, the axial length of these cir- 
cumferentially extendable substantially wave-form con- 
40 stituent elements 1 02 is shorter than the axial length of 
the substantially wave-form (circumferentially extenda- 
ble) constituent elements 102 which make up the por- 
tions of the stent other than the axially opposite ends of 
the stent. As a result, the warping of the struts in the end 
45 portions of the stent can be reduced, and the resistance 
force against forces that tend to cause contraction of the 
blood vessel in both end portions can be increased. Fur- 
thermore, the resistance force against forces that tend 
to cause contraction of the blood vessel can be in- 
50 creased by increasing the strut width or thickness only 
in both end portions. 

[0077] Figs. 6 through 12 show a stent constituting a 
second embodiment of the first invention. Fig. 6 is a de- 
velopment view of the stent 201 of the present invention . 
55 The stent 201 is a stent which is formed as a substan- 
tially tubular body, and which can be expanded outward 
in the radial direction of this tubular body. This stent 
comprises circumferentially extendable substantially 
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wave-fornn constituent elennents 202, circumferentially 
extendable substantially wave-form constituent ele- 
ments 203, and axial ly extendable substantially wave- 
form constituent elements 204. Three of the abovemen- 
tioned circumferentially extendable substantially wave- 
form constituent elements 202 are disposed substan- 
tially in the circumferential direction of the stent without 
being directly connected to each other, three of the 
abovementioned circumferentially extendable substan- 
tially wave-form constituent elements 203 are disposed 
substantially in the circumferential direction of the stent 
without being directly connected to each other, and six 
of the abovementioned axially extendable substantially 
wave-form constituent elements 204 are disposed in the 
circumferential direction of the stent without being di- 
rectly connected to each other. These elements are al- 
ternately and periodically connected to each other in the 
axial direction of the stent, thus forming the stent. The 
numbers of the circumferentially extendable substan- 
tially wave-form constituent elements 202, circumferen- 
tially extendable substantially wave-form constituent el- 
ements 203 and abovementioned axially extendable 
substantially wave-form constituent elements 204 per 
single circumference of the stent are determined in ac- 
cordance with the length and external diameter of the 
stent that is manufactured, and are not limited to three 
of the abovementioned substantially wave-form constit- 
uent elements 202, three of the abovementioned sub- 
stantially wave-form constituent elements 203 and six 
of the abovementioned substantially wave-form constit- 
uent elements 204. As a result of having a combination 
of circumferentially extendable elements of the stent 
and axially extendable elements of the stent, the stent 
201 can expand radially outward, and can reduce the 
contraction in the axial direction of the stent that occurs 
during this expansion. Furthermore, as a result of the 
abovementioned circumferentially extendable substan- 
tially wave-form constituent elements 202, 203 and 204 
or axial direction being disposed substantially in the ax- 
ial direction of the stent without being directly connected 
to each other, the stent can be endowed with flexibility. 
[0078] Here, the term "circumferentially or axially ex- 
tendable constituent elements" refers respectively to el- 
ements with a structure that allows elongation in the cir- 
cumferential direction of the tubular stent, or in the axial 
direction (direction of length) of the stent. However, it is 
desirable that this structure be a structure that also al- 
lows contraction. For example, in cases where the stent 
is placed in a straight blood vessel, there is basically no 
problem in the case of deformation comprising only ex- 
tension. However, in cases where the stent is placed in 
a bent blood vessel, an extra extension because of the 
disposition in the shape of the blood vessel is generated 
besides the extension generated at the time of expan- 
sion on the outside of the bent portion. In this case, if 
contractile deformation is possible on the inside of the 
bent portion, the excessive increase in the spacing be- 
tween the stent struts caused by excessive extension 


on the outside of he bent blood vessel can be reduced, 
The substantially wave-form circumferentially and axi- 
ally extendable constituent elements 202, 203 and 204 
and shown in the stent 201 have respective structures 

5 that also allow contraction. 

[0079] Furthermore, as long as the substantially 
wave-form constituent elements 202, 203 and 204 have 
respective structures that allow extension in the circum- 
ferential direction and axial direction, these elements 

10 nnay have various types of shapes other than those 
shown in Fig. 6. For example, in the case of the circum- 
ferentially extendable substantially wave-form constitu- 
ent elements 202 and 203, shape alterations such as 
adjustment of the angle or the like or formation of the 

15 entire element with a cu rved surface or the like, may be 
made in order to adjust the required dimension at the 
time of extension or the expanding force. However, it is 
desirable that the abovementioned circumferentially ex- 
tendable substantially wave-form constituent elements 

20 202 and 203 have a structure in which the combined 
number of peak and valley vertices is 2 or greater. If this 
number is smaller than 2, it is difficult to maintain the 
number of connection locations while obtaining acapac- 
ity for expansion . A structure with 4 peak and valley ver- 

25 tices is even more desirable. The circumferentially ex- 
tendable substantially wave-form constituent elements 
202 and 203 of the stent 201 shown in Fig. 6 have peak 
and valley vertices on the end portions, and the com- 
bined number of peak and valley vertices including the 

30 end portions is 4. Furthermore, in the case of the axially 
extendable substantially wave-form constituent ele- 
ments 204, various shapes with respect to (for example) 
the number and angle of the bent locations and the like 
may be used in order to adjust the required dimension 

35 at the time of extension or the expanding force. Howev- 
er, it is desirable thatthe axially extendable substantially 
wave-form constituent elements 204 have a structure in 
which the combined number of peak and valley vertices 
is 1 or greater. If there is not even a single vertex, it is 

40 difficult to obtain a capacity for extension. A structure 
which has 2 or 4 vertices is preferable, and a structure 
which has 4 vertices is even more preferable. In the ax- 
ially extendable substantially wave-form constituent el- 
ements 204 of the stent 201 shown in Fig. 6, the com- 

45 bined number of peaks and valleys is 4. 

[0080] Furthermore, in the stent 201 shown in Fig. 6, 
the substantially wave-form constituent elements 202 
and circumferentially extendable substantially wave- 
form constituent elements 203 are in a relationship of 

50 shapes that show mutual linear symmetry. In the case 
of linear-symmetrical shapes, uniform expansion of the 
struts at the time of expansion of the stent is facilitated, 
[0081 ] Furthermore, in the case of the circumferential 
elements 205 that are constructed by disposing a plu- 

55 rality of the abovementioned circumferentially extenda- 
ble substantially wave-form constituent elements 202 
(which are not directly connected to each other) sub- 
stantially in the circumferential direction of the stent, and 
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the circumferential elements 206 that are constructed 
by disposing a plurality of the abovementioned circum- 
ferentially extendable substantially wave-form constitu- 
ent elennents 203 (which are not directly connected to 
each other) substantially in the circumferential direction 
of the stent, it is desirable that the length of these ele- 
ments 205 and 206 in the axial direction be short, since 
this allows smooth bending of the stent, thus preventing 
damage to the blood vessel walls, in cases where the 
stent is inserted into bent blood vessels. Preferably, the 
stent has 5 or more circumferential elements 205 and 
206 per 1 0 mm of the stent. 

[0082] If the numbers (per single circumference of the 
stent) the abovementioned circumferentially extendable 
substantially wave-form constituent elements 202 and 
203 and the substantially wave-form axially extendable 
constituent elements 204 are small , a large blood vessel 
retaining force cannot be expected. Preferably, per sin- 
gle circumference, the number of the abovementioned 
circumferentially extendable substantially wave-form 
constituent elements 202 or circumferentially extenda- 
ble substantially wave-fonn constituent elements 203 is 
3 or greater, and the number of the abovementioned ax- 
ially extendable substantially wave-form constituent el- 
ements 204 is 6 or greater. In this case, a high blood 
vessel retaining force can be manifested. 
[0083] At the opposite ends of the stent 201 , the cir- 
cumferentially extendable substantially wave-form con- 
stituent elements 202 or the circumferentially extenda- 
ble substantially wave-form constituent elements 203 
are directly and continuously connected, so that a cir- 
cumferentially extendable substantially wave-form 
shape is formed around the circumference of the stent. 
As a result, both ends of the stent have a greater resist- 
ance to forces that tend to cause contraction of the blood 
vessel than the central portion of the stent; furthermore, 
the problem of both end portions of the stent warping to 
a greater diameter than the central portion at the time 
of expansion does not occur. 

[0084] Furthermore, the length in the axial direction of 
the stent) of the substantially wave-form (circumferen- 
tially extendable) constituent elements 202 or 203 which 
make up the axially opposite ends of the stent may be 
set so that this length is shorter than the length (in the 
axial direction of the stent) of the substantially wave- 
form (circumferentially extendable), constituent ele- 
ments 202 or 203 which make up the portions of the 
stent other than the axially opposite ends of the stent. 
In this case, the resistance to forces that tend to cause 
contraction of the blood vessel is even greater than in 
cases where such a structure is not used; furthermore, 
the problem of both end portions of the stent warping to 
a greater diameter than the central portion at the time 
of expansion does not occur. 

[0085] Furthermore, it would also be possible to in- 
crease the thickness of the struts of the circumferentially 
extendable substantially wave-form constituent ele- 
ments 202 or 203, or of the struts of both elements, only 


at the axially opposite ends of the stent compared to lo- 
cations other than the axially opposite ends of the stent. 
In this case, the resistance to forces that tend to cause 
contraction of the blood vessel is further increased com- 
5 pared to cases where this is not done, and the problem 
of both end portions of the stent warping to a diameter 
that is greater than that of the central portion at the time 
of expansion of the stent does not occur. 
[0086] Furthermore, it is also possible to make the 
thickness of the struts of the circumferentially extenda- 
ble substantially wave-form constituent elements 202 or 
203, or of both of these elements, greater only at the 
axially opposite ends of the stent (compared to areas 
other than the axially opposite ends of the stent). In this 
case, the resistance to forces that tend to cause con- 
traction of the blood vessel is even greater than in cases 
where such a structure is not used; furthermore, the 
problem of both end portions of the stent warping to a 
greater diameter than the central portion at the time of 
expansion does not occur. 

[0087] Furthermore, it is also possible to use a com- 
bined structure in which the length (with respect to the 
axial direction of the stent) of the circumferentially ex- 
tendable substantially wave-form constituent elements 

202 or 203, or of both of these elements, is made short- 
er, the width of the struts is made wider, and the thick- 
ness of the struts is made thicker only at the axially op- 
posite ends of the stent compared to locations other 
than the axially opposite ends of the stent. 
[0088] Furthermore, it is also possible to make the 
length (in the axial direction of the stent) of one or more 
types of elements selected from the circumferentially 
extendable substantially wave-form constituent ele- 
ments 202 and 203 and the axially extendable substan- 
tially wave-form constituent elements 204 shorter in 
steps as the positions of these elements shift from the 
central portion of the stent (with respect to the axial di- 
rection) to the end portions of the stent. In this case, the 
resistance to forces that tend to cause contraction of the 
blood vessel is even greater than in cases where such 
a structure is not used, and the problem of both end por- 
tions of the stent warping to a greater diameter than the 
central portion at the time of expansion does not occur; 
furthermore, the flexibility in the axial direction of the 
stent can be varied in steps without causing any great 
variation in this flexibility. 

[0089] Furthermore, it is also possible to increase in 
steps the width of the struts of one or more types of el- 
ements selected from the circumferentially extendable 
substantially wave-form constituent elements 202 and 

203 and the axially extendable substantially wave-form 
constituent elements 204 as the positions of these ele- 
ments shift from the central portion of the stent (with re- 
spect to the axial direction) to the end portions of the 
stent. In this case, the resistance to forces that tend to 
cause contraction of the blood vessel is even greater 
than in cases where such a structure is not used, and 
the problem of both end portions of the stent warping to 
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a greater diameter than the central portion at the tinne 
of expansion does not occur; furthermore, the flexibility 
in the axial direction of the stent can be varied in steps 
without causing any great variation in this flexibility. 
[0090] Furthermore, it is also possible to increase in 
steps the thickness of the struts of one or more types of 
elements selected from the circumferentially extendable 
substantially wave-form constituent elements 202 and 
203 and the axially extendable substantially wave-form 
constituent elements 204 as the positions of these ele- 
ments shift from the central portion of the stent (with re- 
spect to the axial direction) to the end portions of the 
stent. In this case, the resistance to forces that tend to 
cause contraction of the blood vessel is even greater 
than in cases where such a structure is not used, and 
the problem of both end portions of the stent warping to 
a greater diameter than the central portion at the time 
of expansion does not occur; furthermore, the flexibility 
in the axial direction of the stent can be varied in steps 
without causing any great variation in this flexibility. 
[0091] Furthermore, it is also possible to use a com- 
bined structure in which the length (in the axial direction 
of the stent) of one or more types of elements selected 
from the circumferentially extendable substantially 
wave-form constituent elements 202 and 203 and the 
axially extendable substantially wave-form constituent 
elements 204 is shortened in steps, the width of the 
struts is increased in steps and the thicl<ness of the 
struts is increased in steps as the positions of these el- 
ements shift from the central portion of the stent (with 
respect to the axial direction) to the end portions of the 
stent. 

[0092] As is shown in Fig. 6, the abovementioned cir- 
cumferentially extendable substantially wave-form con- 
stituent elements 202 and 203 are lined up in the cir- 
cumferential direction of the stent, and are not directly 
connected to each other. Furthermore, the abovemen- 
tioned axially extendable substantially wave-form con- 
stituent elements 204 are also lined up in the circumfer- 
ential direction of the stent, and are likewise not directly 
connected to each other. 

[0093] Fig. 7 shows one aspect of the circumferential- 
ly extendable substantially wave-form constituent ele- 
ments 202, Fig. 8 shows one aspect of the circumferen- 
tially extendable substantially wave-form constituent el- 
ements 203, and Fig. 9 shows one aspect of the axially 
extendable substantially wave-form constituent ele- 
ments 204. The abovementioned circumferentially ex- 
tendable substantially wave-form constituent elements 
202 are constructed from linear parts 222, 224, 226 and 
connecting parts 221, 223, 225, 227, the abovemen- 
tioned circumferentially extendable substantially wave- 
form constituent elements 203 are constructed from lin- 
ear parts 232, 234, 236 and connecting parts 231 , 233, 
235, 237, and the abovementioned axially extendable 
substantially wave-fonn constituent elements 204 are 
constructed from linear parts 243, 245,247, connecting 
parts 241 , 249 and bent parts 242, 244, 246, 248. All of 


the connecting parts 221 , 223, 225, 227, 231 , 233, 235, 
237 of the abovementioned circumferentially extenda- 
ble substantially wave-form constituent elements 202 
and 203 are respectively connected to one of the con- 

5 necting parts 241 or 249 of the abovementioned axially 
extendable substantially wave-form constituent ele- 
ments 204; accordingly, when the stent is expanded, the 
force tends to be transmitted uniformly to the above- 
mentioned substantially wave-form constituent ele- 

10 ments 202 and 203 and the abovementioned substan- 
tially wave-form constituent elements 204, so that the 
stent struts can be uniformly expanded. 
[0094] In regard to the linear parts 222, 224, 226 of 
the abovementioned circumferentially extendable sub- 

15 stantially wave-form constituent elements 202, the line- 
ar parts 232, 234, 236 of the abovementioned circum- 
ferentially extendable substantially wave-form constitu- 
ent elements 203, and the linear parts 243, 245, 247 of 
the abovementioned axially extendable substantially 

20 wave-form constituent elements 204, if the width and 
thickness of the struts are set at large values, the flexi- 
bility of the stent in the axial direction is lost. Conversely, 
if the width and thickness are set at small values, the 
force that can withstand radial stresses that are applied 

25 from the outer circumference is reduced. Accordingly, in 
order to appropriately satisfy the requirements for both 
the flexibility of the stent in the axial direction and a force 
that can withstand radial stresses that are applied from 
the outer circumference, it is desirable that the linear 

30 parts 222, 224, 226, 232, 234, 236 of the abovemen- 
tioned circumferentially extendable substantially wave- 
form constituent elements 202 and 203 have a width of 
80 ^,m to 150 ^im and a thickness of 70 \Lm to 150 ^tm; 
furthermore, a width of 120 \im to 140 jxm and a thick- 

35 ness of 1 00 [im to 1 20 |im are even more desirable. Fur- 
thermore, it is desirable that the linear parts 243, 245, 
247 of the abovementioned axially extendable substan- 
tially wave-form constituent elements 204 have a width 
of 50 jam to 1 00 [im and a thickness of 50 ^m to 1 50 ji,m; 

40 moreover, a width of 60 |xm to 80 ji,m and a thickness of 
80 jam to 120 }xm are even more desirable. However, 
both the circumferentially extendable substantially 
wave-form constituent elements 202 and 203 and the 
axially extendable substantially wave-form constituent 

45 elements 204 may be adjusted to various sizes other 
than the abovementioned dimensions in accordance 
with the material that forms the stent and the position in 
which the stent is used. 

[0095] If the axial length of the abovementioned cir- 
50 cumferentially extendable substantially wave-form con- 
stituent elements 202 and 203 is long, the stent cannot 
be smoothly bent, and the corners of the struts tend to 
stand out, when the stent is inserted into a bent blood 
vessel. Conversely, if the axial length of the abovemen- 
55 tioned circumferentially extendable substantially wave- 
form constituent elements 202 and 203 is short, then the 
stent cannot be expanded to the required stent diameter 
atthe time of expansion. Furthermore, if the axial length 
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of the abovementioned axially extendable substantially 
wave-fornn constituent elennents 204 is long, then the 
gaps that are formed between the stent struts at the time 
of expansion are large, so that endothelial cells of vas- 
cular tissues may bulge to considerable extent through 
these gap areas, thus causing re-constriction in some 
cases. Conversely, if the axial length o the abovemen- 
tioned axially extendable substantially wave-form con- 
stituent elements 204 is short, then the flexibility of the 
stent in the axial direction is lost. Accordingly, it is desir- 
able that the axial length o the abovementioned circum- 
ferentially extendable substantially wave-form constitu- 
ent elements 202 and 203 be 0.8 mm to 1 .8 mm, and a 
length of 1 .0 mm to 1 .4 mm is even more desirable. Fur- 
thermore, it is desirable that the axial length of the 
abovementioned axially extendable substantially wave- 
form constituent elements 204 be 0.5 mm to 1.5 mm, 
and a length of 0.7 mm to 1 .0 mm is even more desira- 
ble. However, thecircumferentially extendable substan- 
tially wave-form constituent elements 202, 203 and 204 
or the axial direction may be adjusted to various sizes 
other than the abovementioned dimensions in accord- 
ance with the material that forms the stent and the po- 
sition in which the stent is used. 
[0096] The stent of the present invention can be man- 
ufactured using a metal which has an appropriate rigidity 
and elasticity such as stainless steel, an Ni-Ti alloy, a 
Cu-AI-Mn alloy or the like, or a polymer material which 
has an appropriate rigidity and elasticity. 
[0097] The stent 201 may also be finished by plating 
the stent with a protective material, impregnating the 
stent with drugs, or covering the stent with materials. 
[0098] Furthermore, laser working methods, dis- 
charge working methods, mechanical cutting methods, 
etching methods and the like can be used as stentform- 
ing methods. 

[0099] Fig. 1 0 shows a development view of the stent 
of the present invention mounted on a balloon catheter. 
As is shown in Fig. 10, even when the stent is mounted 
on a balloon catheter, the abovementioned circumfer- 
entially extendable substantially wave-form constituent 
elements 202 are lined up in the circumferential direc- 
tion of the stent with out being directly connected to each 
other, so that circumferential elements 205 are formed, 
the circumferentially extendable substantially wave- 
form constituent elements 203 are also lined up in the 
circumferential direction of the stent without being di- 
rectly connected to each other, so that circumferential 
elements 206 are formed, the abovementioned axially 
extendable substantially wave-form constituent ele- 
ments 204 are lined up in the circumferential direction 
of the stent without being directly connected to each oth- 
er, so that circumferential elements 207 are formed, and 
the abovementioned circumferential elements 205, the 
abovementioned circumferential elements 206 and the 
abovementioned circumferential elements 207 are pe- 
riodically connected in the axial direction of the stent in 
the order circumferential elements 205, circumferential 


elements 207, circumferential elements 206 and cir- 
cumferential elements 207, As a result, even if the cir- 
cumferentially extendable substantially wave-form con- 
stituent elements 202 or 203 contract in the axial direc- 
5 tion when the stent is expanded, the abovementioned 
substantially wave-form constituent elements 204 are 
expanded in the axial direction, so that the overall length 
of the stent maintains more or less the same value be- 
fore and after expansion of the stent. 
10 [0100] Fig. 11 shows a development view o the stent 
following expansion. As is shown in Fig. 11 , the stent 
201 following expansion is fonned by combinations of 
oblong four-sided shapes except for the two end por- 
tions of the stent. Furthermore, the abovementioned ob- 
15 long four-sided shapes include four-sided shapes ori- 
ented in two directions which have a fixed angle with 
respect to the axial direction of the stent. Here, the term 
"four-sided shapes having a fixed angle with respect to 
the axial direction of the stent" refers to the fact that the 
20 four-sided shapes do not have sides that are parallel to 
the axial direction of the stent. Thus, as a result of two 
types of oblong four-sided shapes that form an angle 
with respect to the axial direction of the stent being dis- 
posed with the regularity shown in Fig. 1 1 , a stent which 
25 has a large resistance to forces that tend to cause a con- 
traction of the blood vessel, and which has flexibility in 
the axial direction, can be realized. 
[0101] Fig. 12 shows a modification of the second em- 
bodiment of the first invention. Specifically, in the 
30 present embodiment, only the axially opposite ends of 
the stent are formed by a plurality of directly connected 
substantially wave-form constituent elements 202 or 
substantially wave-form constituent elements 203 that 
can be extended in the circumferential being disposed 
35 in the circumferential direction of the stent. Furthermore, 
the axial length of these elements located only at the 
axially opposite ends of the stent is shorter than the axial 
length of the substantially wave-form (circumferentially 
extendable) constituent elements 202 or 203 which 
40 nnake up the portions of the stent other than the axially 
opposite ends of the stent. As a result, warping of the 
struts on both end portions of the stent can be reduced, 
and the resistance of both end portions to forces that 
tend to cause contraction of the blood vessel can be in- 
45 creased. Furthermore, the resistance to forces that tend 
to cause contraction of the blood vessel can be in- 
creased by increasing the width orthickness of thestruts 
only in both end portions of the stent. 
[0102] Figs. 13 through 16 show a stent constituting 
50 a third embodiment of the first invention. Fig. 1 3 is a de- 
velopment view of the stent 301 of the present invention . 
The stent 301 is a stent which is formed as a substan- 
tially tubular body, and which can be expanded in the 
radial direction from the inside of this substantially tubu- 
55 lar body. The basic elements that form the abovemen- 
tioned stent are substantially parallelogram-shaped el- 
ements. These parallelogram-shaped elements 302 are 
combined together in an alternately oriented fashion to 
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form the stent 301 . Here, the term "substantially paral- 
lelogram-shaped elements 302 combined together in an 
alternately oriented fashion" refers to the fact that sub- 
stantially parallelogram-shaped elements 302 that are 
lined up in mutually different directions (when seen in a 
development view) are present, and the stent is formed 
by combining these elements with each other. Elements 
other than substantially parallelogram-shaped elements 
may be included only in both end portions of the stent 
in orderto adjust both end portions of the stentto a radial 
section that is substantially perpendicular to the axial 
direction of the stent. 

[0103] By constructing the stent from substantially 
parallelogram-shaped elements 302, it is possible to re- 
duce the number of locations where connections are 
made compared to a conventional stent, so that high 
flexibility can be obtained prior to the expansion of the 
stent; furthermore, as a result of the substantially paral- 
lelogram-shaped elements 302 being combined togeth- 
er in an alternately oriented fashion, a high radial force 
is obtained following expansion of the stent. Specifically, 
the abovementioned substantially parallelogram- 
shaped elements 302 show a variation in the angle 
formed relative to the axial direction of the stent before 
and after the expansion of the stent. The angle formed 
by the substantially parallelogram-shaped elements 
302 and the axial direction of the stent prior to expansion 
issmallerthan the angleformed bythe substantially par- 
allelogram-shaped elements 302 and the axial direction 
of the stent following expansion. Accordingly, the 
number of locations where connections are made can 
be reduced compared to a conventional stent; further- 
more, the following two performance features are ob- 
tained: namely, a high flexibility in the axial direction of 
the stent is obtained prior to the expansion of the stent, 
and the radial force is high following the expansion of 
the stent. Here, the term "radial force" refers to the re- 
sistance to forces that tend to cause contraction of the 
blood vessel . When the radial force is low, the resistance 
to forces that tend to cause contraction of the blood ves- 
sel is low, so that the stent is caused to contract by forces 
that tend to cause contraction of the blood vessel, thus 
hindering blood flow; in the worst case, this may lead to 
re-constriction of the blood vessel. Accordingly, a high 
radial force is required. 

[0104] Since the substantially parallelogram-shaped 

elements 302 are unifomnly disposed in the stent 301 , 
the struts of the stent can be uniformly expanded. 
[0105] If the number of substantially parallelogram- 
shaped elements 302 that are lined up in the axial di- 
rection of the stent 301 is reduced, a high flexibility in 
the axial direction of the stent is obtained, but the radial 
force is lowered. On the other hand, if the number of the 
abovementioned substantially parallelogram-shaped 
elements 302 is increased, a high radial force is ob- 
tained, but the flexibility is the axial direction of the stent 
drops. In orderto obtain an appropriate flexibility in the 
axial direction of the stent and a high radial force . the 


number of substantially parallelogram-shaped elements 
302 lined up in the axial direction of the stent 301 should 
be at least seven 7 but not more than 11 , preferably at 
least 8 but not more than 10, per 20 mm of the axial 

5 length of the stent. 

[0106] Fig. 14 is a development view of a stent 303 
constituting a modification of the second embodiment of 
the first invention. The stent 303 is a stent which is 
formed as a substantially tubular body, and which can 

10 be expanded in the radial direction from the inside of 
this substantially tubular body, The basic elements that 
form the abovementioned stent 303 are substantially 
parallelogram-shaped elements, and the abovemen- 
tioned substantially parallelogram-shaped elements 

f5 304 are combined together in an alternately oriented 
fashion to form the stent 303. The substantially parallel- 
ogram-shaped elements 304 are constructed from sub- 
stantially linear struts 321 and substantially wave-form 
struts 322. Here, the term "substantially parallelogram- 

20 shaped elements 304 combined together in an alter- 
nately oriented fashion" refers to the fact that there are 
substantially parallelogram-shaped elements 304 that 
are lined up in alternate directions when seen in a de- 
velopment view, and the stent is fomned by differently 

25 combining these elements with each other. Elements 
otherthan substantially parallelogram-shaped elements 
may be included only in both end portions of the stent 
in orderto adjust both end portions of the stentto a radial 
section that is substantially perpendicular to the axial 

30 direction of the stent. 

[0107] By constructing the stent from substantially 
parallelogram-shaped elements 304, it is possible to re- 
duce the number of locations where connections are 
made compared to a conventional stent, so that high 

35 flexibility can be obtained prior to the expansion of the 
stent; furthermore, as a result of the substantially paral- 
lelogram-shaped elements 304 being combined togeth- 
er in an alternately oriented fashion, a high radial force 
is obtained following expansion of the stent. Specifically, 

40 the abovementioned substantially parallelogram- 
shaped elements 304 show a variation in the angle 
formed relative to the axial direction of the stent before 
and after the expansion of the stent. The angle formed 
by the substantially parallelogram-shaped elements 

45 304 and the axial direction of the stent priorto expansion 
is smaller than the angle formed bythe substantially par- 
allelogram-shaped elements 304 and the axial direction 
of the stent following expansion. Accordingly, the 
number of locations where connections are made can 

50 be reduced compared to a conventional stent; further- 
more, the following two perfonnance features are ob- 
tained: namely, a high flexibility in the axial direction of 
the stent is obtained priorto the expansion of the stent, 
and the radial force is high following the expansion of 

55 the stent. 

[01 08] Furthermore, since the substantially parallelo- 
gram-shaped elements 304 have substantially wave- 
form struts 322, a higher flexibility in the axial direction 
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of the stent can be obtained prior to the expansion of 
the stent; furthermore, as a result of the expansion and 
contraction of the substantially wave-form struts 322 in 
the axial direction, contraction of the axial length of the 
stent at the time of expansion can be prevented. 
[0109] Since the substantially parallelogram-shaped 
elements 304 are uniformly disposed in the stent 303, 
the struts of the stent can be uniformly expanded. 
[0110] If the number of substantially parallelogram- 
shaped elements that are lined up in the axial direction 
of the stent 303 is reduced, a high flexibility in the axial 
direction of the stent is obtained, but the radial force is 
lowered. On the other hand, if the number of the above- 
mentioned substantially parallelogram-shaped ele- 
ments 304 is increased, a high radial force is obtained, 
but the flexibility is the axial direction of the stent drops. 
In order to obtain an appropriate flexibility in the axial 
direction of the stent and a high radial force, the number 
of substantially parallelogram-shaped elements 304 
lined up in the axial direction of the stent 303 should be 
at least 5 but not more than 9, preferably at least 6 but 
not more than 8, per 20 mm of the axial length of the 
stent. 

[0111] Fig. 15 is a development view of a stent 305 
constituting another modification of the third embodi- 
ment of the first invention showing the state following 
expansion of the stent. Fig. 1 6 is a development view of 
the stent 305 before expansion thereof. The stent 305 
is a stent which is formed as a substantially tubular body, 
and which can be expanded in the radial direction from 
the inside of this substantially tubular body. The basic 
elements that form the abovementioned stent 305 are 
substantially parallelogram-shaped elements, and the 
stent 305 is constructed by combining the abovemen- 
tioned substantially parallelogram-shaped elements 
306 differently with each other. The substantially paral- 
lelogram-shaped elements 306 are constructed from 
substantially linear struts 331 and substantially wave- 
form struts 332. Here, the term "substantially parallelo- 
gram-shaped elements 306 combined together in an al- 
ternately oriented fashion" refers to the fact that there 
are substantially parallelogram-shaped elements 306 
that are lined up in alternate directions when seen in a 
development view, and the stent is formed by differently 
combining these elements with each other. Elements 
other than substantially parallelogram-shaped elements 
may be included only in both end portions of the stent 
in order to adjust both end portions of the stent to a radial 
section that is substantially perpendicular to the axial 
direction of the stent. Furthermore, in the stent 305, the 
respective sides of the substantially parallelogram- 
shaped elements 306 are substantially parallel to the ax- 
ial direction of the stent prior to the expansion of the 
stent (Fig. 1 6), and the respective sides of the substan- 
tially parallelogram-shaped elements 306 form an angle 
of the stent following the expansion of the stent (Fig. 15). 
[0112] By constructing the stent from substantially 
parallelogram-shaped elements 306, it is possible to re- 


duce the number of locations where connections are 
made compared to a conventional stent, 'so that high 
flexibility can be obtained prior to the expansion of the 
stent; furthermore, as a result of the substantially paral- 

5 lelogram-shaped elements 306 being combined togeth- 
er in an alternately ohented fashion, a high radial force 
is obtained following expansion of the stent. Specifically, 
the abovementioned substantially parallelogram- 
shaped elements 306 show a variation in the angle 

10 formed relative to the axial direction of the stent before 
and after the expansion of the stent. Prior to the expan- 
sion of the stent, the respective sides of the substantially 
parallelogram-shaped elements 306 are substantially 
parallel to the axial direction of the stent (Fig. 1 6), while 

15 following the expansion of the stent, the respective sides 
of the substantially parallelogram-shaped elements 306 
form an angle with respect to the axial direction of the 
stent. As a result, compared to conventional stents, the 
following two performance values are obtained: namely, 

20 a high flexibility in the axial direction of the stent is ob- 
tained prior to the expansion of the stent, and the radial 
force is high following the expansion of the stent. 
[01 1 3] Furthermore, since the substantially parallelo- 
gram-shaped elements 306 have substantially wave- 
rs form struts 332, a higher flexibility in the axial direction 
of the stent can be obtained prior to the expansion of 
the stent; furthermore, as a result of the expansion and 
contraction of the substantially wave-form struts 332 in 
the axial direction, contraction of the axial length of the 

30 stent at the time of expansion can be prevented. 

[0114] Since the substantially parallelogram-shaped 
elements 306 are uniformly disposed in the stent 305, 
the struts of the stent can be uniformly expanded. 
[0115] If the number of substantially parallelogram- 

35 shaped elements 306 that are lined up in the axial di- 
rection of the stent 305 is reduced, a high flexibility in 
the axial direction of the stent is obtained, but the radial 
force is lowered. On the other hand, if the number of the 
abovementioned substantially parallelogram-shaped 

40 elements 306 is increased, a high radial force is ob- 
tained, but the flexibility is the axial direction of the stent 
drops. In order to obtain an appropriate flexibility in the 
axial direction of the stent and a high radial force, the 
number of substantially parallelogram-shaped elements 

45 306 lined up in the axial direction of the stent 305 should 
be at least 5 but not more than 9, preferably at least 6 
but not more than 8, per 20 mm of the axial length of the 
stent. 

[0116] In the stent of the present invention, an unusu- 
50 ally high flexibility in the axial direction of the stent and 
a high radial force can be obtained by disposing sub- 
stantially parallelogram-shaped elements 306 with dif- 
ferent areas in the axial direction of the stent. The re- 
spective areas of the abovementioned substantially par- 
55 allelogram-shaped elements 306 can be appropriately 
selected in accordance with the diameter and length of 
the stent. 

[0117] In the stent 305 of the present invention, an 
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unusually high flexibility in the axial direction of the stent 
and a high radial force can be obtained by combining 
different strut widths or strut thicknesses (or both) in the 
axial direction of the stent. The abovementioned strut 
widths and strut thicknesses can be appropriately se- 
lected in accordance with the dianneterand length of the 
stent. 

[0118] The stents 301 , 303 and 305 of the third em- 
bodinnent can be nnanufactured using a nneta! which has 

an appropriate rigidity and elasticity such as stainless 
steel, an Ni-Ti alloy, a Cu-AI-Mn alloy or the like, or a 
polynner material which has an appropriate rigidity and 
elasticity. 

[0119] The stents 301, 303 and 305 of the third em- 
bodiment may also be finished by plating the stent with 
a protective material, impregnating the stent with drugs, 
or covering the stent with materials. 
[01 20] Drugs which can suppress the thickening of ar- 
terial walls, or drugs which can suppress the multiplica- 
tion of vascular smooth muscle cells, anti-platelet drugs 
(aspiring, heparin, anti-thrombin formulations, dipyram- 
idamole or the like) or anti-inflammatory drugs (steroids 
or the like) can be caused to adhere or applied as coat- 
ings to the stents 301 , 303 and 305 of the third embod- 
iment. 

[0121] Figs. 17 through 26 show a stent constituting 
a fourth embodiment of the first invention. Fig. 17 is a 
development view of the stent 401 of the present inven- 
tion. The stent 401 is a stent which is formed as a sub- 
stantially tubular body, and which can be expanded out- 
ward in the radial direction of this substantially tubular 
body. This stent comprises annular first substantially 
wave-form elements 411 that can be expanded in the 
radial direction, axially extendable link part elements 
413, branch-form elements 41 2 that extend from the first 
substantially wave-form elements, and second substan- 
tially wave-form elements 414 that form both end por- 
tions of the stent. One end of each of the link part ele- 
ments 413 is connected to one of the vertices of the first 
substantially wave-form elements 411, the other ends 
of the link part elements 41 3 are connected to one end 
of each of the branch-form elements 41 2, and the other 
ends of the branch-form elements 41 2 are connected to 
the center points of the first substantially wave-form el- 
ements 411, so that these are continuous in the axial 
direction, and the second substantially wave-form ele- 
ments 414 are connected to both end portions of the 
stent via the link part elements 41 3. As a result of having 
a combination of elements that can be expanded out- 
ward in the radial direction of the stent and axially ex- 
tendable elements, the stent 401 can be expanded out- 
ward in the radial direction, and the contraction of the 
stent in the axial direction that occurs during this expan- 
sion can be reduced. Furthermore, since the stent 401 
comprises annular first substantially wave-form ele- 
ments 411 that can be expanded in the radial direction, 
axially extendable link part elements 413, branch-form 
elements 412 that extend from the first substantially 


wave-form elements 412 and second substantially 
wave-form elements 414 that fomn both end pori:ions, 
the stent 401 is constructed from square shapes in 
which all four sides have a specified angle with respect 

5 to the axial direction of the stent at the time of the ex- 
pansion of the stent. Furthermore, the abovementioned 
square shapes are disposed differently with respect to 
each other, and all four sides of the abovementioned 
square shapes are substantially parallel to the axial di- 

10 rection of the stent prior to the expansion of the stent. 
As a result, superior flexibility in the axial direction of the 
stent can be obtained prior to the expansion of the stent, 
and a superior strength with respect to the radial direc- 
tion of thestent can be obtained following the expansion 

15 of the stent. Here, the term "radial direction of the stent" 
refers to a direction that is substantially perpendicular 
to the axial direction of the stent. 
[0122] Here, the term "constituent elements that can 
be expanded in the radial direction or extended in the 

20 axial direction" refers to elements which have respective 
structures that allow expansion in the radial direction of 
the tubular stent or extension in the axial direction of the 
stent. However, it is desirable that these structures be 
structures that also allow contraction. For example, in 

25 cases where the stent is placed in a straight blood ves- 
sel, there is basically no problem in the case of defor- 
mation comprising only extension. However, in cases 
where the stent is placed in a bent blood vessel, an extra 
extension because of the disposition in the shape of the 

30 blood vessel is generated besides the extension gener- 
ated at the time of expansion on the outside of the bent 
portion. In this case, if contractile deformation is possi- 
ble on the inside of the bent portion, the excessive in- 
crease in the spacing between the stent struts caused 

35 by excessive extension on the outside of he bent blood 
vessel can be reduced. Thefirst substantially wave-form 
elements 411, second substantially wave-form ele- 
ments 414, and link part elements 413 that can be ex- 
panded in the radial direction or extended in the axial 

40 direction shown in the stent 401 have respective struc- 
tures that also allow contraction. 
[01 23] In the stent 401 , the annular first substantially 
wave-form elements 411 that can be expanded in the 
radial direction are disposed in the same phase in the 

45 axial direction. As a result of the abovementioned annu- 
lar first substantially wave-form elements 411 being dis- 
posed in the same phase in the axial direction, uniform 
expansion of the stent is facilitated when the stent is ex- 
panded. 

50 [0124] As long as the abovementioned first substan- 
tially wave-fomn elements 411, the abovementioned 
second substantially wave-form elements 414 and the 
abovementioned link part: elements 41 3 have respective 
structures that allow expansion or extension in the radial 

55 direction or axial direction, various shapes other than 
those shown in Fig. 17 may be used. For example, in 
the case of the first substantially wave-form elements 
411 and second substantially wave-form elements 414 
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that can be expanded in the radial direction, the num- 
bers or angles of the peaks and valleys of the wave-form 
shape may be adjusted, or the entire elements may be 
formed with curved surfaces orthe like, in orderto adjust 
the required dimensions at the time of expansion or the 
expanding force. 

[0125] If the axial length of the abovementioned first 
substantially wave-form elements 411 that can be ex- 
panded in the radial direction is long, the stent cannot 

be smoothly bent, and the corners of the struts tend to 
stand out, when the stent is inserted into a bent blood 
vessel. Conversely, if this length is short, then the stent 
cannot be expanded to the required stent diameter at 
the time of expansion. Furthermore, if the axial length 
of the axially extendable link part elements 41 3 is long, 
then the gaps that are formed between the stent struts 
at the time of expansion are large, so that endothelial 
cells of vascular tissues may bulge to considerable ex- 
tent through these gap areas, thus causing re-constric- 
tion in some cases. Conversely, if the axial length of the 
link part elements 41 3 is short, then the flexibility of the 
stent in the axial direction is lost. Accordingly, it is desir- 
able that the axial length of the abovementioned first 
substantially wave-form elements 411 that can be ex- 
panded in the radial direction be 1 .0 mm to 2.2 mm, pref- 
erably 1 .4 mm to 1 .8 mm. Furthermore, it is desirable 
that the axial length of the axially extendable link part 
elements 413 be 0.5 mm to 1 .5 mm, preferably 0.8 mm 
to 1 .2 mm. 

[01 26] If the number of waves of the abovementioned 

annular first substantially wave-form elements 411 per 
single circumference is small, a large blood vessel re- 
taining force cannot be expected. Preferably, the 
number of waves of the abovementioned annular first 
substantially wave-form elements 411 per single cir- 
cumference is 3 or greater; in this case, a high blood 
vessel retaining force can be manifested. Here, the 
"number of waves of the abovementioned annular first 
substantially wave-form elements 411 per single cir- 
cumference" refers to a number in which one period in- 
cluding a peak and valley is counted as one wave; in 
Fig. 17, the number of waves of the abovementioned 
annular first substantially wave-form elements 41 1 per 
single circumference is 3. 

[0127] The opposite ends of the stent 401 are con- 
structed from the abovementioned annular second sub- 
stantially wave-form elements 41 4 which are not contin- 
uous with the abovementioned branch-form elements 
412. Furthermore, in regard to the number of waves per 
single circumference, if the number of waves of the 
abovementioned annular second substantially wave- 
form elements 414 that form both end portions of the 
stent is made greater than the number of waves of the 
abovementioned annular first substantially wave-form 
elements 41 1 that form the central portion of the stent, 
then the opposite ends of the stent will have a greater 
resistance to forces that tend to cause contraction of the 
blood vessel than the central portion of the stent; fur- 


thermore, the problem of both end portions of the stent 
being warped to a greater diameter than the central por- 
tion of the stent at the time of expansion will not occur. 
[0128] Furthermore, the axial length of the above- 

5 mentioned annular second substantially wave-form el- 
ements 41 4 that form both end portions of the stent can 
be made shorter than the axial length of the abovemen- 
tioned annular first substantially wave-form elements 
411 that form the central portion ofthestent. In this case, 

10 the resistance to forces that tend to cause contraction 
of the blood vessel is further increased compared to cas- 
es where such a structure is not used; furthermore, the 
problem of both end portions of the stent warping to a 
greater diameter than the central portion at the time of 

15 expansion does not occur. 

[0129] Furthermore, it is also possible to make the 
width of the struts of the abovementioned annular sec- 
ond substantially wave-form elements 414 that form 
both end portions of the stent greater than the width of 

20 the axial struts of the abovementioned annular first sub- 
stantially wave-form elements 411 that form the central 
portion of the stent. In this case, the resistance to forces 
that tend to cause contraction of the blood vessel is fur- 
ther increased compared to cases where such a struc- 

25 ture is not used; furthermore, the problem of both end 
portions of the stent warping to a greater diameter than 
the central portion at the time of expansion does not oc- 
cur. 

[0130] Furthermore, it is also possible to make the 
30 thickness of the struts of the abovementioned annular 

second substantially wave-form elements 41 4 that form 
both end portions of the stent greater than the thickness 
of the axial struts of the abovementioned annular first 
substantially wave-form elements 411 that form the cen- 

35 tral portion of the stent. In this case, the resistance to 
forces that tend to cause contraction of the blood vessel 
is further increased compared to cases where such a 
structure is not used; furthermore, the problem of both 
end portions of the stent warping to a greater diameter 

40 than the central portion at the time of expansion does 
not occur. 

[0131] Furthermore, it is also possible to use a com- 
bined structure in which only the abovementioned an- 
nular second substantially wave-form elements 41 4 that 

45 form both end portions of the stent are formed with a 
shorter length in the axial direction of the stent, a greater 
strut width and a greater strut thickness than the above- 
mentioned annular first substantially wave-form ele- 
ments 411 that form the central portion of the stent. 

50 [0132] Furthermore, it is also to form the abovemen- 
tioned annular first substantially wave-form elements 
411 that form the central portion of the stent and the 
abovementioned annular second substantially wave- 
form elements 414 that form both end portions of the 

55 stent so that the length of these elements in the axial 
direction of the stent is shortened, the strut width is in- 
creased and the strut thickness is increased in steps as 
the positions of these elements shift from the central 
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portion of the stent (with respect to the axial direction) 
to the end portions of the stent. In this case, the resist- 
ance to forces that tend to cause contraction of the blood 
vessel is further increased compared to cases where 
such a structure is not used; furthernnore, the problem 
of both end portions of the stent warping to a greater 
diameter than the central portion at the time of expan- 
sion does not occur, and the flexibility in the axial direc- 
tion of the stent can be varied in steps. 
[0133] In regard to the abovementioned first substan- 
tially wave-form elements 41 1 and the abovementioned 
second substantially wave-form elements 414, if the 
width and thickness of the struts are increased, then the 
flexibility in the axial direction of the stent is lost. Con- 
versely, if the width and thicl<ness of the struts are re- 
duced, then the force that can withstand radial stresses 
that are applied from the outer circumference is re- 
duced. Accordingly, in order to appropriately satisfy per- 
formance requirements for both flexibility in the axial di- 
rection of the stent and a force that can withstand radial 
stresses that are applied from the outer circumference, 
it is desirable that the abovementioned first substantially 
wave-form elements 411 and the abovementioned sec- 
ond substantially wave-form elements 41 4 have a width 
of 80 ^m to 1 50 \Lm and a thickness of 70 ^im to 1 50 \im; 
furthermore, a width of 120 ^m to 140 jxm and a thick- 
ness of 100 jim to 120 ^m are even more desirable. 
[0134] In regard to the abovementioned link part ele- 
ments 413, if the width and thickness of the struts are 
increased, then the flexibility in the axial direction of the 
stent is lost, Conversely if the width and thickness are 
reduced, then there is a danger of breakage when the 
stent is bent. Accordingly, in order to appropriately sat- 
isfy the performance requirements for both flexibility in 
the axial direction of the stent and strength against 
breaking during bending of the stent, it is desirable that 
the abovementioned linkpart elements 41 3 have a width 
of 30 ^m to 90 \im and a thickness of 70 ^im to 1 50 ^im; 
furthermore, a width of 50 ^im to 70 jam and a thickness 
of 100 {im to 120 jam are even more desirable. 
[0135] Fig. 18 is a development view of the central 
portion of the stent 401 of the present invention. This 
portion is constructed from the abovementioned first 
substantially wave-form elements 411 and the above- 
mentioned branch-form elements 412. The first sub- 
stantially wave-form elements 411 form annular bodies 
that an expand in the radial direction, and one branch- 
form element 412 is disposed on each substantially lin- 
ear side of each first substantially wave-form element 
411. It is desirable that the abovementioned branch- 
form elements 412 be disposed on the center point of 
each substantially linear side of the abovementioned 
first substantially wave-form elements 411 ; as a result, 
the stent can be uniformly expanded. 
[01 36] Fig. 1 9 is a development view of both end por- 
tions of the stent 401 of the present invention. These 
end portions of the stent comprise the second substan- 
tially wave-form elements 41 4, and are connected to the 


link part elements 413 in the vicinity of the vertices of 
the substantially wave-form shapes. The axial length of 
the abovementioned second substantially wave-form el- 
ements 414 can be detennined independently from the 

5 axial length of the abovementioned substantially wave- 
form elements 411 . It is desirable that the axial length 
of the abovementioned second substantially wave-form 
elements 414 be longer than the axial length of the 
abovementioned branch-fonn elements 41 2 and shorter 

10 than the axial length of the abovementioned substan- 
tially wave-form elements 411 . As a result, the flexibility 
of the stent can be made uniform in the axial direction. 
[01 37] Fig. 20 is a development view of the stent 401 
of the present invention prior to expansion. This figure 

15 shows a development view of a state in which the stent 
is mounted on a balloon catheter. When the stent is ex- 
panded, even if the first substantially wave-form ele- 
ments 411 and second substantially wave-form ele- 
ments 414 that can be expanded in the radial direction 

20 contact in the axial direction, the link part elements 413 
are expanded in the axial direction, so that the overall 
length of the stent can be maintained at more or less the 
same length before and after expansion of the stent. 
[01 38] Fig. 21 is a development view of the stent 402 

25 of the present invention. The stent 402 is a stent which 
is formed as a substantially tubular body, and which can 
be expanded outward in the radial direction of this sub- 
stantially tubular body. This stent comprises annular first 
substantially wave-form elements 451 that can be ex- 

30 panded in the radial direction, axially extendable link 
part elements 453, branch-form elements 452 that ex- 
tend from the first substantially wave-form elements 
451 , and second substantially wave-form elements 454 
that form both end portions of the stent. One end of each 

35 of the link part elements 453 is connected to one of the 
vertices of the first substantially wave-form elements 
451, the other ends of the link part elements 453 are 
connected to one end of each of the branch-fomri ele- 
ments 452, and the other ends of the branch-form ele- 

40 ments 452 are connected to the center points of the first 
substantially wave-form elements 451 , so that these are 
continuous in the axial direction, and the second sub- 
stantially wave-fomi elements 454 are connected to 
both end portions of the stent via the link part elements 

45 453. As a result of having a combination of elements 
that can be expanded in the radial direction and axially 
extendable elements, the stent 402 can be expanded 
outward in the radial direction , and the contraction of the 
stent in the axial direction during this expansion can be 

50 reduced. Furthermore, since the abovementioned stent 
402 comprises annular first substantially wave-form el- 
ements 451 that can be expanded in the radial direction, 
axially extendable link part elements 453, branch-form 
elements 452 that extend from the first substantially 

55 wave-form elements 451 and second substantially 
wave-form elements 454 that form both end portions of 
the stent, the stent 402 is constructed from square 
shapes in which all four sides have a specified angle 
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with respect to the axial direction of the stent prior to the 
expansion of the stent. Furthernnore, the abovemen- 
tioned square shapes are disposed differently with re- 
spect to each other, and all fours sides of the above- 
mentioned square shapes are substantially parallel to 
the axial direction of the stent prior to the expansion of 
the stent. As a result, a superior flexibility is obtained in 
the axial direction of the stent prior to the expansion of 
the stent, and a superior strength is obtained in the radial 
direction of the stent following the expansion of the 
stent. 

[0139] Fig. 22 is a development view of the central 
portion of the stent 402 of the present invention. This 
portion is constructed from the abovementioned first 
substantially wave-form elements 451 and the above- 
mentioned branch-form elements 452. The first sub- 
stantially wave-form elements 451 fomri annular bodies 
that can expand in the radial direction, and one branch- 
form element 452 is disposed on one substantially linear 
side of each first substantially wave-form element 451 . 
It is desirable that the abovementioned branch-form el- 
ements 452 be disposed on the center point of one sub- 
stantially linear side of each of the abovementioned first 
substantially wave-form elements 451; as a result, the 
stent can be unifonnly expanded. 
[01 40] Fig. 23 is a development view of both end por- 
tions of the stent 402 of the present invention. Both end 
portions of the abovementioned stent comprise second 
substantially wave-form elements 454, and are connect- 
ed to the link part elements 453 in the vicinity of the ver- 
tices of the substantially wave-form shapes. The axial 
length of the abovementioned second substantially 
wave-form elements 454 can be detemiined independ- 
ently from the axial length of the abovementioned sub- 
stantially wave-form elements 451 . It is desirable that 
the axial length of the abovementioned second substan- 
tially wave-form elements 454 be longer than the axial 
length of the abovementioned branch-form elements 
452 and shorter than the axial length of the abovemen- 
tioned substantially wave-form elements 451. As a re- 
sult, the flexibility of the stent can be made uniform in 
the axial direction. 

[0141] Fig. 24 is a development view of the stent 403 

of the present invention. The stent 403 is a stent which 
is formed as a substantially tubular body, and which can 
be expanded outward in the radial direction of this sub- 
stantially tubular body. The abovementioned stent com- 
prises annular first substantially wave-form elements 
481 that can be expanded in the radial direction, axially 
extendable link part elements 483, branch-form ele- 
ments 482 that extend from the first substantially wave- 
form elements 481 , substantially N-shaped elements 
485, and second substantially wave-form elements 484 
that form both end portions of the stent. One end of each 
of the link part elements 483 is connected to one of the 
vertices of the first substantially wave-form elements 
481, the other ends of the link part elements 483 are 
connected to one end of each of the substantially N- 


shaped elements 485, one end of each of the branch- 
form elements 482 extending from the center points of 
the first substantially wave-form elements 481 is con- 
nected to one end of each of the link part elements 483, 
5 the Other ends of the link part elements 483 are connect- 
ed to one of the vertices of the substantially N-shaped 
elements 485, one end of each of the link part elements 
483 is connected to the vertex of one substantially N- 
shaped element 485 out of two substantially N-shaped 
elements 485 that are adjacent to each other in the axial 
direction, and the other end of each of the link part ele- 
ments 483 is connected to one end of the other substan- 
tially N-shaped element 485 of the abovementioned pair 
of adjacent N-shaped elements 485; furthermore, one 
end of each link part element 483 is connected to the 
other end of the first substantially N-shaped element 
485, and the other end of this link part element 483 is 
connected to the vertex of the other substantially N- 
shaped element 485. 

[0142] Asa result of having a combination of elements 
that can be expanded outward in the radial direction of 
the stent and axially extendable elements, the stent 403 

can be expanded outward in the radial direction, and the 
contraction of the stent in the axial direction during this 
expansion can be reduced. Furthermore, as a result of 
the inclusion of N-shaped elements 485, the flexibility in 
the axial direction of the stent can be increased. Fur- 
thermore, since the cells that include the N-shaped el- 
ements 485 have four link part elements 483 per single 
cell circumference, this part can be opened widely using 
a balloon catheter in cases where this is necessary, so 
that deeply located areas of pathological changes can 
be treated via this opening. Furthermore, since the 
abovementioned stent 403 comprises annular first sub- 
stantially wave-form elements 481 that can be expand- 
ed in the radial direction, axially extendable link part el- 
ements 483, branch-form elements 482 that extend 
from the first substantially wave-form elements 481 , 
substantially N-shaped elements 485 and second sub- 
stantially wave-form elements 484 that form both end 
portions of the stent, the stent 403 is constructed from 
square shapes in which all four sides have a specified 
angle with respect to the axial direction of the stent prior 
to the expansion of the stent. Furthermore, the above- 
mentioned square shapes are disposed differently with 
respect to each other, and all four sides of the above- 
mentioned square shapes are substantially parallel to 
the axial direction of the stent prior to the expansion of 
the stent. As result, a superior flexibility is obtained in 
the axial direction of the stent prior to the expansion of 
the stent, and a superior strength in the radial direction 
of the stent is obtained following the expansion of the 
stent. 

[0143] Fig. 25 is a development view of the central 
portion of the stent 403 of the present invention. This 
portion is constructed from annular first substantially 

wave-form elements 481 that can be expanded in the 
radial direction, axially extendable link part elements 
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483, branch-form elements 482 that extend from the first 
substantially wave-form elements 481 , and substantial- 
ly N-shaped elements 485. The first substantially wave- 
form elements 481 form annular bodies that can expand 
in the radial direction, and one branch-form element 482 
is disposed on one substantially linear side of each first 
substantially wave-form element 481 . It is desirable that 
the abovementioned branch-fonn elements 482 be dis- 
posed on the center point of one substantially linear side 
of each of the abovementioned first substantially wave- 
form elements 481 ; as a result, the stent can be uniform- 
ly expanded. 

[01 44] Fig. 26 is a development view of both end por- 
tions of the stent 403 of the present invention. Both end 
portions of the abovementioned stent comprise second 
substantially wave-form elements 484, and are connect- 
ed to the link part elements 483 in the vicinity of the ver- 
tices of the substantially wave-form shapes. The axial 
length of the abovementioned second substantially 
wave-form elements 484 can be detennined independ- 
ently from the axial length of the abovementioned sub- 
stantially wave-fomri elements 481 . It is desirable that 
the axial length of the abovementioned second substan- 
tially wave-form elements 484 be longer than the axial 
length of the abovementioned branch-form elements 
482, but shorter than the axial length of the abovemen- 
tioned substantially wave-form elements 481. As a re- 
sult, the flexibility of the stent can be made uniform in 
the axial direction. 

[0145] The stents 401 , 402 and 403 of the present in- 
vention can be manufactured using a metal which has 
an appropriate rigidity and elasticity such as stainless 
steel, an Ni-Ti alloy, a Cu-AI-Mn alloy or the like, or a 
polymer material which has an appropriate rigidity and 
elasticity. 

[0146] The stents 401 , 402 and 403 of the present in- 
vention may also be finished by plating the stent with a 
protective material, impregnating the stent with drugs, 
or covering the stent with materials. 
[0147] Furthermore, laser working methods, dis- 
charge working methods, mechanical cutting methods, 
etching methods and the like can be used as stent form- 
ing methods. 

[0148] Figs. 27 through 44 show a stent constituting 
the second invention of the present application. Fig. 27 
is a development view of the stent 501 of the present 
invention in a state in which the stent has not yet been 
expanded. The stent 501 is a stent which is formed as 
a substantially tubular body, and which can be expand- 
ed outward in the radial direction of this tubular body. A 
plurality of circumferential ly extendable basic cells 511 
of the stent are continuous in the circumferential direc- 
tion of the stent, thus forming band parts 512 which gen- 
erate a force that against forces that tend to cause con- 
traction of the blood vessel at the time of expansion, i. 
e. , a radial force. The respective band parts 512 are con- 
nected by link parts 51 3 in order to impart flexibility with 
respect to forces from a direction perpendicular to the 


direction of length of the stent 501 (resulting from the 
stent advancing through bent tubular cavities such as 
blood vessels or the like). The band pats 512 and link 
parts 513 are continuous in the longitudinal direction for 
5 the required length of the stent, 

[0149] Fig. 28 shows an enlargement of the structure 
of the basic cells 511 of this stent 501 . The basic cells 
511 comprise main struts 514 which are disposed with 
the length of the struts oriented in the axial direction of 
10 the stent, and sub-struts 515 which are folded between 
the main struts 514, and which support the main struts 
514 in the circumferential direction when the stent is ex- 
panded. These sub-struts 51 5 have the functions of sup- 
porting the main struts 514 in the circumferential direc- 
ts tion, and regulating the diameter to which the stent is 
expanded when the stent 501 is expanded in the radial 
direction. Fig. 29 shows the state of the basic cells 511 
when the stent 501 is in an expanded state. The main 
struts 514 and sub-struts 51 5 are continuous so that an 
20 annular shape is formed, thus forming substantially 
square shapes. 

[0150] Fig. 30 shows this basic cell 511 modeled by 
line segments. The respective dimensions used in the 
present invention refer to dimensions used in the case 

25 of modeling by line segments. A dimensional ratio is 
used which satisfies the relationships ti x D = 0.5 x A 
X sin e X B and 60° < G < 90°, where L is the length of 
the basic cells 51 1 in the longitudinal direction, i. e., the 
length of the main struts 514, A is the total length of the 

30 sub-struts 51 5 within one basic cell 51 1 folded between 
the main struts 514, i. e., the length corresponding to 
515a + 515b -i- 515c + 515d, B is the number of basic 
cells 511 that are continuous in the circumferential di- 
rection within one band part 51 2 of the stent 501 , and D 

35 is the desired expanded diameter of the stent. Here, n 
is the circumference ratio. Furthermore, 6 is the angle 
on the side of the inside angle of the substantially po- 
lygonal shape (of the angles formed by line segments 
used to model the sub-struts 515 and the axial direction 

40 of the stent at the time of expansion), i. e., the angle that 
issmallerthan 90°. In orderto ensurethatthe respective 
basic cells 51 1 that are continuous in the circumferential 
direction are caused to undergo a uniform expansion, it 
is important that 9 be 60° or greater. If G is smaller than 

45 this, a sufficiently uniform expansion cannot be ob- 
tained. Furthermore, the value of this G is theoretically 
smaller than G = 90°, which is the state of maximum ex- 
pansion. In the present invention, the fact that these 
sub-struts 515 support the main struts 514 at a large 

50 angle is the most important special feature; as a result, 
it is possible to obtain a large radial force, and to sup- 
press excessive expansion of the stent. If the radial 
force can be strengthened, then the width W of the wire 
material that forms the main struts 514 and sub-struts 

55 515 constituting the stent can be reduced, so that the 
number of basic cells fonned inside one band can be 
increased. As a result, the size of the basic cells can be 
reduced, so that the opening area of the basic cells at 
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the time of expansion can be reduced; accordingly, tine 
bulging of endothelial cells of vascular tissues into the 
stent can be suppressed to a nninimum. From the stand- 
points of the radial force and suppression of excessive 
expansion, it is further desirable that the angle formed 
by the sub-struts 515 and the axial direction of the stent 
be such that 70° <G<80°. 

[0151] Furthermore, in order to suppress the bulging 
of endothelial cells of vascular tissues through the cent- 
ers of the substantially square shapes formed by the 
main struts 514 and sub-struts 51 5 following the expan- 
sion of the stent, it is desirable that the relationship be- 
tween the length L of he main struts 514 and the overall 
length A of the sub-struts 515 inside one basic cell be L 
< A < 2 X L. If L > A, the basic cells 511 at the time of 
expansion will form substantially oblong shapes that are 
long in the longitudinal direction; under such conditions, 
a radial force cannot be sufficiently manifested in the 
vicinity of the central portions of the main struts 514. 
Conversely, in cases where A > 2 2 x L, the sub-struts 
515 that are folded between the main struts 51 4 overlap 
with each other in the longitudinal direction, and the 
number B of basic cells that are continuous in the cir- 
cumferential direction cannot be increased. Under such 
conditions, the size of the substantially square shapes 
formed by the main struts 514 and sub-struts 515 fol- 
lowing expansion is increased, so that endothelial cells 
of vascular tissues tend to bulge v into the- stent. Fur- 
thermore, the problem of a weakening of, the radial force 
in the circumferential direction also arises. The most ide- 
al state is a state in which the total length A of the sub- 
struts 515 within one basic cell is smaller than 2 x L, so 
that the sub-struts 51 5 inside one basic cell do not over- 
lap with each other and A is the maximum length. In this 
case, the substantially square shapes formed by the 
main struts 51 4 and sub-struts 515 are shapes that are 
close to a true square. Fig. 31 is a development view of 
this stent 501 following expansion. 
[0152] Fig. 32 is a diagram showing a portion of the 
section of the stent 501 . In this diagram, it is desirable 
that the condition 0.5 x W < T < 3 x W be satisfied, 
where W is the width of the wire material that forms the 
main struts 514 and sub-struts 515, and T is the thick- 
ness of this wire material. In cases where the thickness 
T is smaller than 0.5 x W, portions that show great plastic 
deformation at the time of expansion of the stent, i. e., 
the portions 51 6 that connect the main struts 514 and 
sub-struts 515, and the folded tip end portions 517 of 
the sub-struts 515, peel upward as shown in Fig. 33 
when this plastic deformation occurs, and these portions 
bite into the inside surfaces of the vascular tissues. Fig. 
34 shows a section along line X-X of the peeled-up por- 
tion 517 shown in Fig. 33. In orderto suppress such de- 
formation, it is desirable that the thickness T of the re- 
spective struts be 0.5 X W or greater, and a thickness 
of 0.7 X W or greater is even more desirable. Such a 
condition also applies in the case of self-expanding 
stents made of super-elastic metals or some polymer 


materials. Portions that show great elastic deformation 
when folded into shape priorthe expansion of the stent, 
i. e., the portions 516 that connect the main struts 514 
and sub-struts 515, and the folded tip end portions 517 

5 of the sub-struts 515 folded inside the main struts 51 4, 
are deformed as shown in Fig. 33. In the case of self- 
expanding stents, a system is generally used in which 
the stent is inserted in state in which the stent is folded 
inside a sheath that prevents expansion of the stent 

10 while the stent is transported into the desired vascular 
tissues inside the body; then, while the stent is trans- 
ported by the catheter inside the stent and fixed in the 
desired position so that the position of the stent does 
not shift, the outside sheath is pulled away and the stent 

15 is allowed to undergo self-expansion. If deformed por- 
tions such as those shown in Fig. 33 are formed when 
the stent is folded into shape prior to expansion, uniform 
insertion of the folded stent into the sheath becomes dif- 
ficult, and when the sheath is pulled away and the stent 

20 is expanded, the abovementioned peeled-up portions 
catch on the sheath, so that in the worst case, it may be 
impossible to release the stent from the sheath. On the 
other hand, if the thickness T of the stent is greater than 
3 X W, the working precision that is obtained when the 

25 pattern of the stent is worked by a laser drops. 

[0153] Figs. 35 and 36 show stents 502 and 503 of 
other embodiments; here, the basic cells 511 at the time 
of expansion respectively form substantially triangular 
shapes and substantially trapezoidal shapes. Figs. 37 

30 and 38 are development views of these stents 502 and 
503 in the expanded state. In these examples, in cases 
where the respective basic cells 511 are continuously 
connected in the circumferential direction, it is neces- 
sary to continuously connect the basic cells so that de- 

35 sired shapes alternate with respect to the axial direction 
of the stent, i. e., so that the vertices and bottom sides 
of the substantially triangular shapes alternate in cases 
where the basic cells at the time of expansion form sub- 
stantially triangular shapes (Figs. 35 and 37), or so that 

40 the upper bottoms and lower bottoms of the substantial- 
ly trapezoidal shapes alternate in cases where the basic 
cells at the time of expansion form substantially trape- 
zoidal shapes (Figs. 36 and 38). Accordingly, the 
number of basic cells in one circumference, i. e., the 

45 number of basic cells present within one band part, must 
be an even number. In this case, this can be realized by 
balancing the desired diameter of the stent at the time 
of expansion and the lengths of the respective struts of 
the basic cells within the abovementioned conditions. 

50 Furthermore, in the case of stents in which the basic 
cells 51 1 at the time of expansion thus form substantially 
triangular shapes or substantially trapezoidal shapes, 
the contract of the stent in the axial direction at the time 
of expansion of the stent will be increased if the angle 

55 formed by the main struts 51 4 with the axial direction of 
the stent is large, so that positioning and the like at the 
time of placement of the stent becomes difficult. In order 
to reduce the contraction of the stent in the axial direc- 
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tion at the time of expansion of the stent, it is important 
that the angel formed by the main struts 514 and the 
axial direction of the stent be reduced to a small angle; 
in practical terms, it is desirable that this angle be 30° 
or less. In cases where the angle formed by the main 
struts 514 and the axial direction of the stent is 0°, the 
contraction in the longitudinal direction at the time of ex- 
pansion of the stent is zero; in this case, the shape of 
the basic cells 511 is a substantially square shape. In 
cases where the shape of the basic cells 511 at the time 
of expansion of the stent is a substantially triangular 
shape, it is difficult to balance the radial force and the 
contraction in the longitudinal direction at the time of ex- 
pansion of the stent; accordingly, it is most desirable that 
the shape of the basic cells at the time of expansion of 
the stent be close to a true triangular shape. In this case, 
the rate of contraction of the basic cells 511 in the lon- 
gitudinal direction is approximately 15%. 
[0154] Fig. 39 is a diagram which sows the links 518 
inside the link parts 513 that continuously connect the 
band parts 51 2 formed by the continuous connection of 
the basic cells 511. It is desirable that these links 518 
have the function of expanding or contracting in the lon- 
gitudinal direction in order to conform to bent vascular 
tissues when the stent is transported to a desired posi- 
tion through such bent vascular tissues. Figs. 40 
through 43 show examples in which there is at least one 
bent part 519 within each link 518, thus endowing the 
links 518 with the function of expanding or contracting 
in the longitudinal direction, sothatthe links can conform 
to such bent vascular tissues. 

[0155] Fig. 44 is a diagram which shows the relation- 
ship between the width of the band parts 51 2 formed by 
the continuous connection of the basic cells 511 , i. e., 
the length L o the basic cells 511 in the longitudinal di- 
rection, and the length C of the link parts 513 in the lon- 
gitudinal direction. In order to allow the stent to conform 
to bent vascular tissues, a longer length of the link parts 
513 is desirable, since this makes it possibleto increase 
the flexibility; however, since the radial force is not gen- 
erated by the link parts alone, a shorter length is desir- 
able if only the radial force is considered. As a result of 
these considerations, it is desirable that the length C o 
the link parts 513 be such that 0.3 x L <C < 2 x L. In 
cases where C is smaller than 0.3 x L, sufficient flexi- 
bility cannot be obtained, so that the ability to confomn 
to bent vascular tissues drops. On the other hand, in 
cases where C is greater than 2 x L, the problems of 
the weakening of the radial force of the link parts 513 
and the reduction of the expanded diameter of the link 
parts become more conspicuous. 
[0156] The stents described above, and especially 
the main struts 514 and sub-struts 515, can be con- 
structed from a metal or polymer material that can en- 
sure the abovementioned radial force. Examples of met- 
al materials that can be used include stainless steel (as 
represented by SUS31 6) and super-elastic metals such 
as Ni-Ti alloys. In cases where such materials are used, 


the pattern of the stent can generally be worked using 
a YAG laser while controlling the position of the worked 
stent by means of a computer. Furthermore, examples 
of polymer materials that can be used include thermo- 
5 plastic polymers, thermo-setting polymers, biodegrada- 
ble polymers and the like. I n order to function as a stent, 
it is desirable that the material used be a material with 
a bending elastic modulus of 1 GPa or greater. A mate- 
rial with a bending elastic modulus of 2 GPa or greater 
is even more desirable; a higher bending elastic modu- 
lus makes it possible to reduce the width and thickness 
of the struts of the stent. Furthermore, in the case of 
stents, there may be instances in which degradation and 
absorption of the stent are desired following placement 
in the body or after a fixed period of time has elapsed. 
In such cases, biodegradable polymer materials can be 
used. Concrete examples of biodegradable polymers 
that can be used as stents include polylactic acids, pol- 
yglycolic acids, poly(8-capro lactones) and the like. In 
cases where such polymer materials are used as stent 
raw materials, burning may occur in the laser-irradiate 
portions, or portions where melted material is piled up 
may be generated in the vicinity of the laser-irradiated 
portions, if working is performed using a YAG laser or 
carbon dioxide gas laser Accordingly, it is most ideal to 
use an excimer laser. 

[01 57] In cases where stents are worked using these 
materials, the diameter of the tubular member constitut- 
ing the raw material differs according to whether the 
stent is a stent of the type that is expanded by a balloon 
or a stent of the type that is self-expanding. Specifically, 
if the stent is a stent that is expanded by a balloon, a 
tubular member with a diameter which is equal to or 
greater than the folded diameter of the balloon on which 
the stent is mounted, but smaller than the desired stent 
diameter, is generally used as the raw material. On the 
other hand, if the stent is a stent of the self-expanding 
type, a tubular member with a diameter that is close to 
the desired stent diameter may be worked as the raw 
material. 

[0158] Generally, stents are used to expand constrict- 
ed parts or blocked parts of vascular tissues in the body. 
However, in an application that differs from such purpos- 
es, a treatment to block perforations using a stent in 
which a thin film cover is formed on the outer surface of 
the stent may be performed as an emergency measure 
in cases where such perforations have bee formed in 
vascular tissues, e. g., in cases where perforations have 
been formed in blood vessels. In such cases as well, a 
thin-film polymer material may be applied to the outer 
surface of the present stent and used. Examples of thin- 
film polymer materials that can be used include Teflon 
type resins, silicone resins and the like; materials with 
a large elongation can be used. 
[0159] Furthermore, in order to allow the use of these 
stents under X-ray imaging, it is ordinarily desirable that 
the stents have an X-ray impermeable marker that can 
be used to grasp the position of the stent. Examples of 
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X-ray impermeable markers that can be used include 
gold, platinum, platinum-rhodium alloys and the like. It 
is desirable that such an X-ray impermeable marker be 
present on both end portions of the stent. In regard to 
the method used to apply the marker, the application of 
a marker by means of plating van be used in the case 
of stents make of metal materials, besides fastening us- 
ing physical methods. 

[0160] Furthermore, drugs used to prevent re-con- 
striction or suppress the formation of thrombi, as well as 
therapeutic genes, may be added or applied as surface 
treatments to the abovementioned stents. 
[0161] Figs. 45 through 50 show a stent of the third 
invention of the present application. Fig. 46 is a devel- 
opment view of an embodiment (Embodiment 1 ) of the 
stent 603 of the present invention. The stent 603 is a 
stent which is fomied as a substantially tubular body, 
and which can be expanded outward in the radial direc- 
tion of this substantially tubular body. Furthermore, this 
is a stent in which a plurality of patterns 605 forming 
more or less polygonal shapes surrounded by struts 604 
that are linear elements are lined up in the circumferen- 
tial direction and axial direction. In regard to the term 
"more or less polygonal shape", this polygonal shape 
includes triangular shapes, lozenge shapes, oblong 
shapes, parallelogram shapes, pentagonal shapes and 
any other polygonal shapes. Furthermore, this term in- 
cludes shapes in which the corners are not sharp cor- 
ners, but rather have a curved rounding. 
[0162] The abovementioned polygonal shape pat- 
terns 605 have an original linear peripheral length. This 
original linear peripheral length is the length indicated 
by the thick lines 606 in Fig. 47, and indicates the so- 
called linear minimum peripheral length of the polygonal 
shape patterns without taking into account the bent total 
length of the local folded portions 607 that are capable 
of elongating deformation (described later). 
[0163] Furthermore, in the abovementioned polygo- 
nal shape patterns 605, the stent 603 of the present em- 
bodiment has 4 local folded portions 607 capable of 
elongating deformation per single polygonal shape pat- 
tern , so that when the polygonal shape patterns 605 are 
pushed open from the inside toward the outside by the 
expansion of the balloon of a stent delivery catheter or 
the like, the peripheral length following the pushing open 
of these shape patterns is increased to a value that is 
1 .3 to 2.0 times the original peripheral length. 
[0164] In the present embodiment, the shape of the 
local folded portions 607 that are capable of elongating 
deformation is a shape corresponding to two periods of 
a sine wave. However, as was described above, as long 
as theshape is a shape which issuch that the peripheral 
length following the pushing open of the shape patterns 
can be increased to a value that is 1 .3 to 2.0 times the 
original peripheral length 606 by pushing open the local 
folded portions from the inside toward the outside by 
means of the expansion of the balloon of a stent delivery 
catheter or the like in the abovementioned polygonal 


shape patterns 605, this shape of the local folded por- 
tions may be any desired shape. Meanwhile, the "pe- 
ripheral length following the pushing open of the polyg- 
onal shape pat terns" refers to the peripheral length of 
5 the pattern formed by the expansion of one of the orig- 
inal linear peripheral lengths as indicated by 608 in Fig. 
48. 

[0165] Here, the reason that the peripheral length 608 
following the pushing open of the polygonal shape pat- 

10 terns that is obtained by pushing open these polygonal 
shape patterns by the expansion of the balloon of a stent 
delivery catheter or the like is set at 1 .3 times to 2 .0 times 
the original linear peripheral length 606 is as follows: 
specifically, in cases where the original linear peripheral 

15 length 606 of the abovementioned polygonal shape pat- 
terns 605 is selected in the range described below and 
the number of local folded portions 607 (capable of elon- 
gating deformation) per single polygonal shape pattern 
605 is set at 3 or greater in order to obtain a high radial 

20 force and satisfy the requirement for superior scaffold 
properties, an opening part area/peripheral length suf- 
ficient to allow access to side branches can be obtained 
if the peripheral length 608 that is obtained following 
pushing open by means of the expansion of the balloon 

25 of a stent delivery catheter or the like is increased to a 
value in the range of 1 .3 times to 2.0 times the original 
linear peripheral length 606. 

[0166] It is desirable that the number of local folded 
portions 607 capable of elongating deformation per one 

30 polygonal shape pattern part 605 be 3 or greater. How- 
ever, it is even more desirable that this number be the 
same as the number of sides of the polygonal shape. 
The reason for this is as follows: namely, in order to 
make the expansion operation, radial force, and flexibil- 

35 ity uniform throughout the entire stent 603, it is best to 
imitate the structure of the respective sides of the po- 
lygonal shapes as closely as possible. In this embodi- 
ment, since the parallelogram shapes have four sides, 
the number of local folded portions 607 that are capable 

40 of elongating deformation is 4. 

[0167] ' Furthermore, in order to obtain a high radial 
force and satisfy the requirement for superior scaffold 
properties, it is desirable that the original peripheral 
length 606 o the abovementioned polygonal shape pat- 

45 terns 605 be 6.0 mm to 12.0 mm, and a length of 8.0 
mm to 10.0 mm is even more desirable. 
[0168] For the same reasons, it is desirable that the 
original area of the opening parts of the abovemen- 
tioned polygonal shape patterns 605 be 2.0 mm^ to 9.0 

50 mm^ following the expansion of the stent, and an area 
of 3.0 mm2 to 6.25 mm^ is even more desirable. 
[0169] Fig. 49 shows another embodiment in which 
the folded portions that are capable of elongating defor- 
mation have a different construction from that in the pre- 

55 ceding embodiment. Here, the construction of the folded 
portions that are capable of elongating deformation 
merely differs from that in the preceding embodiment; 
the abovementioned polygonal shape patterns 605 are 
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shown. 

[0170] Specifically, the stent 603 of the present enn- 
bodiment is a stent which is fornned as a substantially 
tubular member, and which can be expanded outward 
in the radial direction of this substantially tubular mem- 
ber. In this stent, a plurality of patterns 605 which have 
a more or less polygonal shape surrounded by struts 
604 constituting linear elements are lined up in the cir- 
cumferential direction and axial direction. Furthennore, 
in regard to the term "more or less polygonal shape", 
this polygonal shape includes triangular shapes, loz- 
enge shapes, oblong shapes, parallelogram shapes, 
pentagonal shapes and any other polygonal shapes, 
Furthermore, this term includes shapes in which the cor- 
ners are not sharp corners, but rather have a curved 
rounding. 

[0171] The abovementioned polygonal shape pat- 
terns 605 have an original linear peripheral length. This 
original linear peripheral length is the length indicated 
by the thick lines 609 in Fig. 49, and indicates the so- 
called linear minimum peripheral length of the polygonal 
shape patterns without taking into account the bent total 
length of the local folded portions 61 0 that are capable 
of elongating deformation (described later). 
[0172] Furthermore, in the abovementioned polygo- 
nal shape patterns 605, the stent 603 of the present em- 
bodiment has a relatively large number of local folded 
portions 61 0 capable of elongating deformation, so that 
when the polygonal shape patterns 605 are pushed 
open from the inside toward the outside by the expan- 
sion of the balloon of a stent delivery catheter or the like, 
the peripheral length 608 following the pushing open of 
these shape patterns is increased to a value that is 1 .3 
to 2.0 times the original peripheral length 609. These 
are formed so that the total of the linear lengths of the 
local folded portions 610 (capable of elongating defor- 
mation) in the directions of the sides of the polygonal 
shapes is 1/3 times to 1 time the original linear periph- 
eral length 609 of the polygonal shape patterns 605. The 
definition of the linear lengths of the abovementioned 
local folded portions 610 (capable of elongating defor- 
mation) in the directions of the sides of the polygonal 
shapes is as indicated by the thick lines 611 shown in 
Fig. 50 (this refers to the total of the thick line portions). 
[0173] In the present embodiment, the shape of the 
local folded portions 610 that are capable of elongating 
deformation is a shape corresponding to two periods of 
a sine wave. However, as was described above, as long 
as the shape is a shape which is such thatthe peripheral 
length following the pushing open of the shape patterns 
can be increased to a value that is 1 .3 to 2.0 times the 
original peripheral length 609 by pushing open the local 
folded portions from the inside toward the outside by 
means of the expansion of the balloon of a stent delivery 
catheter or the like in the abovementioned polygonal 
shape patterns 605, this shape of the local folded por- 
tions may be any desired shape. In the present embod- 
iment, the linear length 611 of the local folded portions 


610 (that are capable of elongating deformation) in the 
directions of the sides of the abovementioned polygonal 
shape patterns 605 is selected so that this length is 
slightly greater than 1/2 the original linear peripheral 

5 length 609 of the abovementioned polygonal shape pat- 
terns; however, as long as this value is in the range of 
1/3 times to 1 time the original linear peripheral length, 
any multiple may be used. Furthennore, the abovemen- 
tioned folded portions 61 0 that are capable of elongating 

10 deformation may be continuously connected on the pe- 
riphery of the abovementioned polygonal shapes, or a 
plurality of discontinuous portions may be used. 
[0174] Here, the reason that the linear length 611 of 
the abovementioned local folded portions 610 that are 

15 capable of elongating deformation is set at 1/3 times to 
1 time the original linear peripheral length 609 of the 
abovementioned polygonal shape patterns 605 is as fol- 
lows: namely, assuming as a prerequisite the fact that 
the original peripheral length 609 of the abovemen- 

20 tioned polygonal shape pattern parts 605 is selected in 
the range described below in orderto obtain a high radial 
force and satisfy the requirement for superior scaffold 
properties, and thatthe peripheral length 608 following 
pushing open that is obtained by pushing open the po- 

25 lygonal shape pattern parts by the expansion of the bal- 
loon of a sent delivery catheter or the like is 1 .3 times 
to 2.0 times the abovementioned original linear periph- 
eral length 609, then an opening part area/peripheral 
length that is sufficient to allow access to side branches 

30 can be obtained following the pushing open of the po- 
lygonal shape pattern parts if the original linear length 

61 1 of the local folded portions 61 0 capable of elongat- 
ing deformation (per single polygonal shape pattern part 
605) in the directions of the sides of the abovementioned 

35 polygonal shape is in the range of 1/3 times to 1 time 
the original linear peripheral length 609 of the above- 
mentioned polygonal shape patterns 605. 
[0175] Furthermore, the portions of the abovemen- 
tioned folded portions 61 0 capable of elongating defor- 
ce? mation that bulge out in the axial direction (differing from 
the directions of the sides of the polygonal shapes) are 
not formed as large portions. The reason for this is as 
follows: namely, in cases where the stent is contracted 
and pre-mounted on the balloon of a stent delivery cath- 
45 eter, these bulging portions overlap with other local fold- 
ed portions (capable of elongating deformation) of po- 
lygonal shapes that are adjacent in the circumferential 
direction, so that pre-mounting cannot be accomplished 
while maintaining a sufficiently small external diameter 
50 (low profile). In this sense as well, the range indicated 
by the abovementioned numerical values is important. 
[0176] Furthermore, in orderto obtain a high radial 
force and satisfy the requirement for superior scaffold 
properties, it is desirable that the original peripheral 
55 length 609 of the abovementioned polygonal shape pat- 
terns 605 be 6.0 mm to 12.0 mm, and a length of 8.0 
mm to 10.0 mm is even more desirable. 
[0177] For the same reasons, it is desirable that the 
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original area of the opening parts of tine abovemen- 
tioned polygonal shape patterns 605 be 2.0 mnn^ to 9.0 
mnn2 following the expansion of the stent, and an area 
of 3.0 mnn2 to 6.25 mnn^ is even more desirable. 
[0178] The stents disclosed in the two ennbodiments 
described above can maintain a high radial force, and 
at the same time have superior scaffold properties, as 
a result of having a plurality of polygonal shape patterns 
605 in the circumferential direction and axial direction. 
Furthermore, as a result of three or more local portions 
607 capable of elongating deformation being installed 
in the respective polygonal shape patterns in the em- 
bodiment shown in Figs. 46 through 48, so that the pe- 
npheral length 608 following pushing open can be in- 
creased to a value that is 1 .3 times to 2.0 times the 
abovementioned original linear peripheral length 606 or 
609 by pushing open the abovementioned polygonal 
shape pattern parts 605 from the inside toward the out- 
side by means of the expansion of the balloon of a stent 
delivery catheter or the like, and as a result of the linear 
length 611 of the local portions 61 0 capable of elongat- 
ing deformation being set at 1/3 times to 1 time the orig- 
inal linear peripheral length 609 of the polygonal shape 
patterns 605 in the embodiment shown in Figs. 49 and 
50, the peripheral length of the abovementioned polyg- 
onal shape patterns 605 can be greatly deformed by ex- 
panding the balloon of another stent delivery catheter 
disposed in a side branch via the polygonal shape pat- 
terns; accordingly, access to branched blood vessels 
and Y stenting are possible. 

INDUSTRIAL APPLICABILITY 

[0179] As was described above, the stent of the first 
invention of the present application is flexible in the axial 
direction, and there is no contraction in the axial length 
of the stent at the time of expansion. The resistance to 
forces that tend to cause contraction of the blood vessel 
is extremely large, and the struts of the stent can be uni- 
formly expanded. Furthermore, the problem of both end 
portions of the stent warping to a larger diameter than 
the central portion at the time of expansion does not oc- 
cur. 

[0180] Furthermore, in the case of the stent of the sec- 
ond invention, the stent can be uniformly expanded at 
the time of expansion of the stent, and while excessive 
expansion can be suppressed, the size of the basic cells 
that form the stent can be reduced to a very small size, 
so that a stent can be provided in which the bulging of 
endothelial cells of vascular tissues into the inside of the 
stent is suppressed, thus reducing re-constriction of the 
vascular tissues. 

[0181] Furthermore, the stent of the third invention 
provides a closed type stent which eliminates the disad- 
vantages of a closed type stent while maintaining the 
advantages of such a stent, and which has only the ad- 
vantages of an open type stent while being free of the 
disadvantages of such an open type stent, i. e., a closed 


type stent which allows Y stenting in branched blood 
vessels while maintaining a high radial force and supe- 
rior scaffold properties. 


Claims 

1. A stent which Is fonned as a substantially tubular 
body, and which can be expanded outward In the 
radial direction of this substantially tubular body, 
characterized in tliat: 

the stent 101 comprises circumferentially ex- 
tendable substantially wave-form constituent 
elements 102 and axially extendable substan- 
tially wave-form constituent elements 103; 
a plurality of the circumferentially extendable 
substantially wave-form constituent elements 
1 02 are disposed substantially in the circumfer- 
ential direction of the stent 101 without being 
directly connected to each other; 
a plurality of said axially extendable substan- 
tially wave-form constituent elements 103 are 
disposed substantially in the circumferential di- 
rection of the stent 101 without being directly 
connected to each other; and 
these constituent elements 1 02 and 1 03 are ar- 
ranged alternately in periodic series In the axial 
direction of the stent. 

A stent which is formed as a substantially tubular 
body, and which can be expanded outward in the 
radial direction of this substantially tubular body, 
cliaracterlzed in tiiat: 

said stent 101 comprises circumferentially ex- 
tendable substantially wave-form constituent 
elements 1 02 and axially extendable substan- 
tially wave-form constituent elements 103; 
a connecting part 127 on one end of said cir- 
cumferentially extendable substantially wave- 
form constituent element 1 02 is connected with 
a connecting part 1 31 on one end of said axially 
extendable substantially wave-form constituent 
element 1 03, and a connecting part 139 on the 
remaining end of said axially extendable sub- 
stantially wave-form constituent element 1 03 is 
connected with a connecting part 121 on the 
opposite end from the connecting part 127 of 
another said circumferentially extendable sub- 
stantially wave-form constituent element 102, 
so that said circumferentially extendable sub- 
stantially wave-form constituent elements 102 
and the axially extendable substantially wave- 
form constituent elements 103 are connected 
periodically; and 

furthermore, a connecting part 123 on a peak 
or valley protruding part of said circumferential- 
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ly extendable substantially wave-form constit- 
uent element 1 02 is connected with a connect- 
ing part 131 on one end of said axially extend- 
able substantially wave-form constituent ele- 
ment 1 03, and a connecting part 1 39 on the re- 
maining end of the axially extendable substan- 
tially wave-form constituent element 1 03 is con- 
nected with a connecting part 125 on the peak 
or valley protruding part present on the oppo- 
site side from said connecting part 123 of an- 
other said circumferentially extendable sub- 
stantially wave-form constituent elements 102, 
whereby said circumferentially extendable sub- 
stantially wave-form constituent elements 1 02 
and the axially extendable substantially wave- 
fomn constituent elements 1 03 are formed in 
periodic series. 

3. The stent according to claim 1 or claim 2, wherein 
said circumferentially extendable substantially 
wave-form constituent elements 1 02 have a sub- 
stantially wave-form shape in which the direction of 
progression of the wave is the circumferential direc- 
tion of the stent, and in which the combined number 
of peak and valley vertices is 2 or greater, and said 
axially extendable substantially wave-form constit- 
uent elements 103 have a substantially wave-form 
shape in which the direction of progression of the 
wave is the axial direction of the stent, and in which 
the combined number of peak and valley vertices is 
1 or greater. 

4. The stent according to claim 3, wherein said circum- 
ferentially extendable substantially wave-form con- 
stituent elements 1 02 have a substantially wave- 
form shape which has peak and valley vertices at 
the end portions thereof, and in which the combined 
number of peak and valley vertices including those 
at the end portions is 4, and said axially extendable 
substantially wave-form constituent elements 103 
have a substantially wave-form shape in which the 
direction of progression of the wave is the axial di- 
rection of the stent, and in which the combined 
number of peak and valley vertices is 4. 

5. A stent which is formed as a substantially tubular 
body, and which can be expanded outward in the 
radial direction of this substantially tubular body, 
characterized in that: 


and connecting parts 139 on said substantially 
wave-form constituent elements 103 are con- 
nected with connecting parts 121 on said sub- 
stantially wave-form constituent elements 1 02, 
5 so that said substantially wave-form constitu- 

ent elements 102 and said substantially wave- 
form constituent elements 1 03 are arranged in 
periodic series; 

furthermore, connecting parts 1 23 on said sub- 
10 stantially wave-form constituent elements 102 

are connected with connecting parts 131 on 
said substantially wave-form constituent ele- 
ments 103, and connecting parts 125 on said 
substantially wave-form constituent elements 
15 102 are connected with connecting parts 139 

on said substantially wave-form constituent el- 
ements 103, so that said substantially wave- 
form constituent elements 1 02 and substantial- 
ly wave-form constituent elements 1 03 are ar- 
20 ranged in periodic series; and 

all of the connecting parts 121, 123, 125, 127 
on said substantially wave-form constituent el- 
ements 102 are connected to one of the con- 
necting parts 131 and 139 on said substantially 
25 wave-form constituent elements 1 03, and all of 

the connecting parts 131, 1 39 on said substan- 
tially wave-form constituent elements 1 03 are 
connected to one of the connecting parts 121 , 
123, 125 and 127 on said substantially wave- 
so form constituent elements 1 02. 

6. The stent according to any of claims 1 through 5, 
wherein circumferential elements 104, that are 
formed by said circumferentially extendable sub- 

35 stantially wave-form constituent elements 102 dis- 
posed in the circumferential direction without being 
directly connected to each other, are disposed with 
a specified angular shift relative to adjacent circum- 
ferential elements 1 04, and said circumferential el- 

40 ements are connected to each other via said axially 
extendable substantially wave-fomi constituent el- 
ements 103. 

7. The stent according to any of claims 1 through 6, 
45 wherein only the axially opposite ends of the stent 

is fomned by arranging a plurality of said circumfer- 
entially extendable substantially wave-form constit- 
uent elements 102 that are directly connected to 
each other, along the circumferential direction of the 
50 stent. 

8. The stent according to claim 7, wherein said circum- 
ferentially extendable substantially wave-form con- 
stituent elements 1 02 that constitute the axially op- 
posite ends of the stent satisfy one or more of the 
following conditions when compared to said circum- 
ferentially extendable substantially wave-form con- 
stituent elements 1 02 that constitute other portions 


said stent 10 comprises circumferentially ex- 
tendable substantially wave-form constituent 
elements 102 and axially extendable substan- 
tially wave-form constituent elements 103; 
connecting parts 127 on said substantially 55 
wave-form constituent elements 102 are con- 
nected with connecting parts 131 on said sub- 
stantially wave-form constituent elements 103, 
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of the stent than the axially opposite ends of the 
stent: 

(1) The length in the axial direction of the stent 

is shorter; 

(2) The width of the struts is greater; and 

(3) The thickness of the struts is greater. 

9. The stent according to claim 7, wherein at least ei- 
ther said circumferentially extendable substantially 
wave-fornn constituent elennents 102 or said axially 
extendable substantially wave-fonn constituent el- 
ennents 1 03 satisfy one or more of the following con- 
ditions as the positions of these elements sh ift from 
the central portion to the axially opposite ends of 
the stent: 

(1) The length in the axial direction of the stent 
becomes shorter in steps; 

(2) The width of the struts becomes greater in 
steps; and 

(3) Thethickness of the struts becomes greater. 

10. The stent according to any of claims 1 through 6, 
characterized in that the circumferential elements 

1 04, which are constituted by said circumferentially 
extendable substantially wave-form constituent el- 
ements 1 02 disposed substantially in the circumfer- 
ential direction of the stent without being directly 
connected to each other, are provided at the rate of 
5 or more per 10 mm of the length of the stent in the 
axial direction. 

11. A stent which is formed as a substantially tubular 
body, and which can be expanded outward in the 
radial direction of this substantially tubular body, 
characterized in that: 


elements are arranged alternately in periodic 
series in the axial direction of the stent. 

12. A stent which is fonried as a substantially tubular 
5 body, and which can be expanded outward in the 

radial direction of this substantially tubular body, 
characterized in that: 

said stent 201 comprises circumferentially ex- 
10 tendable substantially wave-form constituent 

elements 202, circumferentially extendable 
substantially wave-form constituent elements 
203 and axially extendable substantially wave- 
form constituent elements 204; 
15 the Stent 201 further comprises circumferential 

elements 205 which are formed by disposing a 
plurality of said substantially wave-form constit- 
uent elements 202 that are not directly connect- 
ed to each other, in the circumferential direction 
20 of the stent, circumferential elements 206 

which are formed by disposing a plurality of said 
substantially wave-form constituent elements 
203 that are not directly connected to each oth- 
er, in the circumferential direction of the stent, 
25 and circumferential elements 207 that are 

formed by disposing a plurality of said substan- 
tially wave-form constituent elements 204 that 
are not directly connected to each other, in the 
circumferential direction of the stent; and 
30 the circumferential elements 205, 207, 206, 

207 are arranged in periodic series in that or- 
der in the axial direction of the stent. 

13. A stent which is formed as a substantially tubular 
35 body, and which can be expanded outward in the 

radial direction of this substantially tubular body, 
characterized in that: 

said stent comprises circumferentially extend- 
able substantially wave-form constituent ele- 
ments 202, circumferentially extendable sub- 
stantially wave-form constituent elements 203, 
and axially extendable substantially wave-form 
constituent elements 204; 
a connecting part 227 on one end of said cir- 
cumferentially extendable substantially wave- 
form constituent element 202 is connected with 
a connecting part241 on one end of said axially 
extendable substantially wave-form constituent 
element 204, a connecting part 249 on the re- 
maining end of said axially extendable substan- 
tially wave-form constituent element 204 is con- 
nected with a connecting part 233 on a peak or 
valley protruding part of said circumferentially 
extendable substantially wave-form constituent 
element 203, a connecting part 235 on a peak 
or valley protruding part present on the oppo- 
site side from said connecting part 233 of said 


said stent 201 comprises circumferentially ex- 
tendable substantially wave-form constituent 40 
elements 202, circumferentially extendable 
substantially wave-form constituent elements 
203 and axially extendable substantially wave- 
form constituent elements 204; 
a plurality of said circumferentially extendable ^5 
substantially wave-form constituent elements 
202 are disposed substantially in the circumfer- 
ential direction of the stent without being direct- 
ly connected to each other, a plurality of said 
circumferentially extendable substantially 50 
wave-fomn constituent elements 203 are dis- 
posed substantially in the circumferential direc- 
tion of the stent without being directly connect- 
ed to each other, a plurality of said axially ex- 
tendable substantially wave-form constituent 55 
elements 204 are disposed substantially in the 
circumferential direction of the stent without be- 
ing directly connected to each other, and these 
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circumferentially extendable substantially 
wave-fornn constituent element 203 is connect- 
ed with the connecting part 241 on one end of 
another circumferentially extendable substan- 
tially wave-form constituent element 204, and 5 
the connecting part 249 on the remaining end 
of said axially extendable substantially wave- 
fomri constituent element 204 is connected with 
a connecting part 221 on the opposite end from 
said connecting part 227 of another circumfer- io 
entially extendable substantially wave-form 
constituent element 202, so that said circum- 
ferentially extendable substantially wave-form 
constituent elements 202, said circumferential- 
ly extendable substantially wave-form constit- f5 
uent elements 203 and said axially extendable 
substantially wave-form constituent elements 
204 are arranged in periodic series; . 
furthermore, a connecting part 223 on a peak 
or valley protruding part of said circumferential- 20 
ly extendable substantially wave-fomn constit- 
uent element 202 is connected with the con- 
necting part 241 on one end of the axially ex- 
tendable substantially wave-form constituent 
elements 204, the connecting part 249 on the 25 
remaining end of said axially extendable sub- 
stantially wave-form constituent element 204 is 
connected with a connecting part 237 on one 
end of said circumferentially extendable sub- 
stantially wave-form constituent element 203, 30 
a connecting part 231 on the opposite end from 
said connecting part 237 of said circumferen- 
tially extendable substantially wave-form con- 
stituent element 203 is connected with the con- 
necting part 241 on one end of another axially 55 
extendable substantially wave-form constitu- 
ent'element 204, and the connecting part 249 
on the remaining end of said axially extendable 
substantially wave-fomi constituent element 
204 is connected with a connecting part 225 on 40 
a peak or valley protruding part on the opposite 
side from said connecting part 223 of another 
circumferentially extendable substantially 
wave-form constituent elements 202, so that 
said circumferentially extendable substantially ^5 
wave-fomn constituent elements 202, said cir- 
cumferentially extendable substantially wave- 
form constituent elements 203 and said axially 
extendable substantially wave-fomn constituent 
elements 204 are arranged in periodic series; so 
and 

whereby a stent is formed in which said circum- 
ferentially extendable substantially wave-form 
constituent elements 202, said circumferential- 
ly extendable substantially wave-form constit- 55 
uent elements 203 and said axially extendable 
substantially wave-form constituent elements 
204 are arranged in periodic series. 


14. The stent according to any of claims 11 through 13, 
wherein said circumferentially extendable substan- 
tially wave-form constituent elements 202 and sub- 
stantially wave-form constituent elements 203 have 
a substantially wave-form shape in which the direc- 
tion of progression of the wave is the circumferential 
direction of the stent, and in which the combined 
number of peak and valley vertices is 2 or greater, 
and said axially extendable substantially wave-form 
constituent elements 204 have a substantially 
wave-form shape in which the direction of progres- 
sion of the wave is the axial direction of the stent, 
and in which the combined number of peak and val- 
ley vertices is 1 or greater. 

15. The stent according to claim 14, wherein said cir- 
cumferentially extendable substantially wave-form 
constituent elements 202 and substantially wave- 
form constituent elements 203 have a substantially 
wave-form shape which has peak and valley verti- 
ces on the end portions thereof, and in which the 
combined number of peak and valley vertices in- 
cluding the end portions is 4, and said axially ex- 
tendable substantially wave-form constituent ele- 
ments 204 have a substantially wave-form shape in 
which the direction of progression of the wave is the 
axial direction of the stent, and in which the com- 
bined number of peak and valley vertices is 4. 

16. The stent according to any of claims 11 through 15, 
wherein said circumferentially extendable substan- 
tially wave-form constituent elements 202 and sub- 
stantially wave-fomn constituent elements 203 have 
shapes that show linear symmetry with respect to 
each other. 

17. A stent which is formed as a substantially tubular 
body, and which can be expanded outward in the 
radial direction of this substantially tubular body, 
characterized in that: 

said stent 201 comprises circumferentially ex- 
tendable substantially wave-form constituent 
elements 202 and substantially wave-form con- 
stituent elements 203, and axially extendable 
substantially wave-form constituent elements 
204; 

said substantially wave-form constituent ele- 
ments 202 are constituted by connecting parts 
221, 223, 225, 227 and linear parts 222, 224, 
226; 

said substantially wave-form constituent ele- 
ments 203 are constituted by connecting parts 
231, 233, 235, 237 and linear parts 232, 234, 
236; 

said substantially wave-form constituent ele- 
ments 204 are constituted by connecting parts 
241, 249, bent parts 242, 244, 246, 248, and 
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linear parts 243, 245, 247; 
the connecting parts 227 of said substantially 
wave-fornn constituent elements 202 are con- 
nected with the connecting parts 241 of said 
substantially wave-fornn constituent elements 5 
204, the connecting parts 249 of said substan- 
tially wave-fornn constituent elennents 204 are 
connected with the connecting parts 233 of said 
substantially wave-form constituent elements 

203, the connecting parts 235 of said substan- io 
tially wave-form constituent elements 203 is 
connected with the connecting pats 241 of said 
substantially wave-form constituent elements 

204, and the connecting parts 249 of said sub- 
stantially wave-form constituent elements 204 15 
are connected with the connecting parts 221 of 
said substantially wave-form constituent ele- 
ments 202, so that said substantially wave-form 
constituent elements 202, said substantially 
wave-fonn constituent elements 203 and said 20 
substantially wave-form constituent elements 
204 are arranged in periodic series; 
furthermore, the connecting parts 223 of said 
substantially wave-form constituent elements 

202 are connected with the connecting parts 25 
241 of said substantially wave-form constituent 
elements 204, the connecting parts 249 of said 
substantially wave-form constituent elements 
204 are connected with the connecting parts 
237 of said substantially wave-form constituent 30 
elements 203, the connecting parts 231 of said 
substantially wave-form constituent elements 

203 are connected with the connecting parts 
241 of said substantially wave-form constituent 
elements 204, and the connecting parts 249 of 35 
said substantially wave-form constituent ele- 
ments 204 are connected with the connecting 
parts 225 of said substantially wave-form con- 
stituent elements 202, so that said substantially 
wave-form constituent elements 202, said sub- 40 
stantially wave-form constituent elements 203 
and said substantially wave-form constituent 
elements 204 are arranged in periodic series; 
and 

all of the connecting parts 221 , 223, 225, 227 45 
of said substantially wave-fonn constituent el- 
ements 202 are connected to either the con- 
necting parts 241 or 249 of said substantially 
wave-form constituent elements 204, all of the 
connecting parts 231 , 233, 235, 237 of said so 
substantially wave-form constituent elements 
203 are connected to either the connecting 
parts 241 or 249 of said substantially wave- 
fornn constituent elements 204, and all of the 
connecting parts 241 , 249 of said substantially 55 
wave-form constituent elements 204 are con- 
nected to one of the connecting parts 221 , 223, 
225, 227, 231 . 233, 235 and 237 of said sub- 


stantially wave-form constituent elements 202 
or said substantially wave-fonn constituent el- 
ements 203. 

18. The stent according to any of claims 1 1 through 1 7, 
characterized in that only the axially opposite 
ends of the stent are formed by disposing along the 
circumference of the stent a plurality of said circum- 
ferentially extendable substantially wave-form con- 
stituent elements 202 and/or substantially wave- 
form constituent elements 203 which are directly 
connected to each other. 

19. The stent according to claim 18, wherein the cir- 
cumferentially extendable substantially wave-form 
constituent elements 202 and/or substantially 
wave-form constituent elements 203 which consti- 
tute the axially opposite ends of the stent satisfy one 
or more of the following conditions compared to the 
circumferentially extendable substantially wave- 
form constituent elements 202 and/or substantially 
wave-form constituent elements 203 which consti- 
tute the portions of the stent other than the axially 
opposite ends of the stent: 

(1) The length in the axial direction of the stent 
is shorter. 

(2) The width of the struts is greater. 

(3) The thickness of the struts is greater. 

20. The stent according to claim 18, wherein one or 
more types of elements selected from said circum- 
ferentially extendable substantially wave-form con- 
stituent elements 202 and substantially wave-form 
constituent elements 203 and said axially extenda- 
ble substantially wave-form constituent elements 
204 satisfy one or more of the following conditions 
as the positions of these elements shift from the 
central portion to the end portions with respect to 
the axial direction of the stent: 

(1) The length in the axial direction of the stent 
becomes shorter in steps. 

(2) The width of the struts becomes greater in 
steps. 

(2) The thickness of the struts becomes greater. 

21 . The stent according to any of claims 1 1 through 20, 
wherein circumferential elements 205 or circumfer- 
ential elements 206, which are formed by said cir- 
cumferentially extendable substantially wave-form 
constituent elements 202 or substantially wave- 
form constituent elements 203 being disposed sub- 
stantially in the circumferential direction of the stent 
without being directly connected to each other, are 
provided at the rate of 5 or more per 1 00 mm of 
length of the stent. 
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22. A stent which is formed as a substantially tubular 
body and which can be expanded in the radial di- 
rection fronn the inside of this substantially tubular 
body, characterized in tliat the basic elennents that 
constitute said stent 301 , 303 or 305 have a sub- 5 
stantially parallelogrann shape. 

23. The stent according to claim 22, wherein the sub- 
stantially parallelogrann-shaped elennents 302, 304, 
306 are combined together in an alternately orient- io 
ed fashion. 

24. The stent according to claim 22, wherein the sub- 
stantially parallelogram-shaped elements 302, 304, 
306 are combined together in an alternately orient- 15 
ed fashion, the respective sides of the substantially 
parallelogram-shaped elements 302, 304, 306 are 
substantially parallel to the axial direction of the 
stent prior to the expansion of the stent, and the re- 
spective sides of the substantially parallelogram- 20 
shaped elements 302, 304, 306 form an angle with 
respect to the axial direction of the stent following 
the expansion of the stent. 

25. The stent according to any of claims 22 through 24, 25 

wherein the substantially parallelogram-shaped el- 
ements 304, 306 are constructed from substantially 
linear struts 321 , 331 and substantially wave-form 
struts 322, 332. 

30 

26. The stent according to claim 25, wherein substan- 
tially parallelogram-shaped with different areas are 
disposed in the axial direction of the stent. 

27. The stent according to claim 25 or claim 26, wherein 35 
different strut widths and/or strut thicknesses are 
combined in the axial direction of the stent. 

28. A stent which is formed as a substantially tubular 
body, and which can be expanded outward in the 40 
radial direction of this substantially tubular body, 
cliaracterized in tliat: 


29. A stent which is formed as a substantially tubular 
body, and which can be expanded outward in the 
radial direction of this substantially tubular body, 
cliaracterized in that said stent 403 comprises an- 
nular first substantially wave-form elements 481 
that can be expanded in the radial direction, link part 
elements 483 that can be extended in the axial di- 
rection, branch-form elements 482 that extend from 
said first substantially wave-form elements 481 , 
and substantially N-shaped elements 485. 

30. The stent according to claim 28 or claim 29, wherein 
the opposite end portions of the stent comprise an- 
nular second substantially wave-form elements 
414, 454, 484 that can be expanded in the radial 
direction. 

31. The stent according to any of claims 28 through 30, 
wherein the stent is uniformly expanded into ap- 
proximately the same shape except for the opposite 
end portions thereof. 

32. A stent 501 , 502 or 503 used for placement in vas- 
cular tissues inside body cavities, which is formed 
as a substantially tubular body, and which can be 
expanded outward in the radial direction of this sub- 
stantially tubular body, characterized in that said 
stent has a structure that prevents excessive ex- 
pansion to a diameter greater than the desired di- 
ameter. 

33. The stent according to claim 32, 

wherein the basic cells 51 1 that constitute the 
stent 501, 502 or 503 comprise main struts which 
are disposed with the longitudinal direction of said 
struts oriented in the axial direction of the stent 
when the stent is not expanded, and sub-struts 515 
which are folded between the main struts 515 and 
which support the main struts 51 4 in the circumfer- 
ential direction when the stent is expanded; 

the main struts 514 and sub-struts 515 form 
annular substantially polygonal shapes comprising 
three or more sides at the time of expansion; 

a plurality of these basic cells 511 are con- 
nected in the circumferential direction to form band 
parts 512; and 

a plurality of these band parts 512 are con- 
nected in the longitudinal direction via link parts 
513. 

34. The stent according to claim 32 or 33, which satis- 
fies the relationships 71: x D = 0.5 x A x sin 9 x B 
and 60° s 0 < 90°, where A is the overall length of 
the sub-struts 515 in one basic cell 511 folded be- 
tween the main struts 51 4, B is the number of basic 
cells 511 within one band part 512 fonned by the 
series of a plurality of basic cells 511 in the circum- 
ferential direction, and D is the desired expanded 


said stent 401 , 402 comprises annular first sub- 
stantially wave-form elements 411, 451 that ^5 
can be expanded in the radial direction, link part 
elements 413, 453 that can be extended in the 
axial direction, and branch-form elements 412, 
452 that extend from the first substantially 
wave-form elements 41 1 , 451 ; so 
one end ofthe link part element 41 3, 453 is con- 
nected to the first substantially wave-form ele- 
ment 411 , 451 , the other end of the link part el- 
ement 41 3, 453 is connected to one end of the 
branch-form element 412, 452, and the other 55 
end of the branch-form element 412, 452 is 
connected to the first substantially wave-form 
element 411 , 451 . 
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diameter of the stent. 

35. The stent according to claim 34, which satisfies the 
relationship L < A < 2 x L, where L is the length in 

the longitudinal direction of the main struts 51 4 with- 
in the basic cells 511 when the stent is not expand- 
ed. 

36. The stent according to any of claims 32 through 35, 
which satisfies the relationship 0.5 x W < T < 3 x 
W, where W is the width of the wire material that 
constitutes the main struts 51 4 and sub-struts 51 5, 
and T is the thickness of this wire material. 

37. The stent according to any of claims 32 through 36, 
wherein the shape of the basic cells 51 1 at the time 
of expansion of the stent is substantially triangular, 
substantially quadrangular, or substantially trape- 
zoidal. 

38. The stent according to any of claims 32 through 37, 
wherein the link parts 51 3 that mutually connect the 
band parts 512 formed by the series of a plurality of 
the basic cells 511 in the circumferential direction 
have a structure that can be extended and contract- 
ed in the longitudinal direction. 

39. The stent according to any of claims 32 through 38, 
which satisfies the relationship 0.3 x L < C < 2L, 
where C is the length of the link parts 513 in the 
axial direction of the stent when the stent is not ex- 
panded, and L is the length in the longitudinal direc- 
tion of the main struts 514 when the stent is not ex- 
panded. 

40. The stent according to any of claims 32 through 39, 
wherein the main struts 514 and sub-struts 515 are 
made from one or more materials selected from 
among stainless steel, super-elastic metals, poly- 
mer materials with a bending elastic modulus of 1 
GPa or greater, and biodegradable polymer mate- 
rials. 

41 . The stent according to any of claims 32 through 40, 
wherein a tubular thin polymer film is formed on the 
outer circumferential surface of the stent. 

42. The stent according to any of claims 32 through 41 , 
which has an X-ray-impermeable marker that al- 
lows confirmation of the position of the stent in X- 
ray imaging. 

43. A stent 604 which is formed as a substantially tubu- 
lar body, and which can be expanded outward in the 
radial direction of the substantially tubular body, and 
in which a plurality of patterns 605 having a sub- 
stantially polygonal shape surrounded by struts 604 
constituting linear elements are arranged in the cir- 


cumferential direction and axial direction, 

said stent being characterized in tliat said 
polygonal shape patterns 605 have a linear periph- 
eral length 606, 609 (original linear peripheral 

5 length), and these polygonal shape patterns 605 

have three or more local folded portions 607, 610 
per polygonal shape pattern 605, which are capable 
of elongating defomnation so that the peripheral 
length 608 following expansion by pushing is ex- 

10 tended to 1 .3 to 2.0 times the original linear periph- 
eral length 606, 609. 

44. The stent according to claim 43, wherein the 
number of local folded parts 607, 610 per polygonal 

15 shape pattern 605 that are capable of elongating 
deformation is the same as the number of sides of 
said polygons. 

45. A stent 603 which is formed as a substantially tubu- 
20 lar body, and which can be expanded outward in the 

radial direction of the substantially tubular body, and 
in which a plurality of patterns 605 having a sub- 
stantially polygonal shape surrounded by struts 604 
constituting linear elements are arranged in the cir- 
25 cumferential direction and axial direction, said stent 
being characterized in that: 

said polygonal shape patterns 605 have a line- 
ar peripheral length 606, 609 (original linear pe- 
so ripheral length); 

said polygonal shape patterns 605 have parts 
607, 610 that are capable of elongating defor- 
mation so that the peripheral length of the po- 
lygonal shape patterns 605 can be expanded 
35 to 1 .3 times to 2.0 times said linear peripheral 

length 606, 609 when expanded by pushing 
from the inside toward the outside; and 
the total of the linear lengths of these local fold- 
ed parts that are capable of elongating defor- 
ce? mation 607, 610 in the side direction of said po- 
lygonal shapes is from 1/3 to 1 time the original 
linear peripheral length 606, 609 of said polyg- 
onal shape patterns 605. 

45 46. The stent according to any of claims 43 through 45, 
characterized in that the original linear peripheral 
length 606, 609 of said polygonal shape patterns is 
in the range of 6.0 mm to 1 2.0 mm, and the area of 
the opening parts surrounded by the peripheral 

50 length 608 after being pushed open following ex- 
pansion of the stent is In the range of 2.0 mm^ to 
9.0 mm2. 
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